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ABSTRACT 
The trends i n the numbers of B r i t i s h breeding woodcock 
Scolopax rusticola and the Continental woodcock t h a t v i s i t 
B r i t a i n i n w i n t e r were examined using r i n g i n g recoveries and bag 
records. The p r o p o r t i o n of f o r e i g n : B r i t i s h woodcock present i n S 
England and Wales i s appreciably higher than i n N England and 
Scotland. 
Average annual s u r v i v a l r a tes f o r a d u l t B r i t i s h and f o r e i g n -
r i n g e d woodcock were estimated as 58% and 54% r e s p e c t i v e l y . 
C a l c u l a t i o n s of the annual production of young woodcock, based on 
B r i t i s h Trust f o r Ornithology nest record cards from B r i t a i n and 
on data c o l l e c t e d i n NE Derbyshire, suggested t h a t too few young 
woodcock are produced t o compensate f o r the c u r r e n t r a t e of a d u l t 
m o r t a l i t y among B r i t i s h woodcock. Woodcock chick m o r t a l i t y was 
the key f a c t o r i n an analys i s of 15 years of data from 
Derbyshire. Overwinter loss was density-dependent and the main 
r e g u l a t o r y , or k, f a c t o r . This i s important because i t means t h a t 
the a r r i v a l of Continental woodcock i n B r i t a i n i n w i n t e r probably 
increases m o r t a l i t y among the re s i d e n t B r i t i s h b i r d s . A 
s i m u l a t i o n model based on the Derbyshire data was used t o 
estimate the maximum sustainable shooting y i e l d and the 
e f f e c t i v e n e s s of shooting bans i n c o l d weather. 
When feeding at n i g h t i n w i n t e r , woodcock s e l e c t grass 
f i e l d s i n preference t o arable f i e l d s and use areas dominated by 
grass. They probably s e l e c t between the o l d e r f i e l d s on the basis 
of the r e l a t i v e a v a i l a b i l i t y of earthworms and other s o i l 
i n v e r t e b r a t e s , p a r t i c u l a r l y l e a t h e r j a c k e t s , T i p u l i d a e l a r v a e . 
B r i t i s h woodcock are f a i t h f u l t o the n a t a l or breeding s i t e i n 
w i n t e r and Continental woodcock e x h i b i t lower w i n t e r i n g s i t e 
f i d e l i t y . Woodcock experience higher m o r t a l i t y i n c o l d w i n t e r s , 
when f r e e z i n g conditions prevent the b i r d s feeding, and the 
recovery of the p o p u l a t i o n f o l l o w i n g severe w i n t e r s took three 
years. Most c o l d weather movements w i t h i n B r i t a i n are probably 
only made by Continental migrants. 
I n the breeding season, woodcock selected areas of shrubby 
cover, t y p i c a l of the edges of stands, w i t h i n lowland mixed 
deciduous woodland. I n an upland area of birchwood and heather 
moorland, feeding woodcock p r e f e r r e d dense young b i r c h t h i c k e t s 
although the b i r d s nested i n more open areas t y p i c a l l y dominated 
by bracken Pteridium aquilinum and heather Calluna vulgaris. I n 
both s i t u a t i o n s , the h a b i t a t s used most i n t e n s i v e l y supported 
higher a v a i l a b l e d e n s i t i e s of earthworms than h a b i t a t s t h a t were 
avoided. 
C l e a r l y , conversion of grassland t o arable f i e l d s w i l l 
reduce the area of s u i t a b l e h a b i t a t f o r woodcock i n w i n t e r . The 
loss of managed coppice i n B r i t a i n i n the l a s t 50 years has 
probably c o n t r i b u t e d t o the de c l i n e i n the B r i t i s h breeding 
p o p u l a t i o n , because coppice provides i d e a l h a b i t a t f o r breeding 
woodcock. The f a c t t h a t woodcock do not breed i n SW B r i t a i n may 
be due t o increased overwinter m o r t a l i t y , because a h i g h d e n s i t y 
of C o n t i n e n t a l woodcock occur there i n w i n t e r . 
For t h e l a t e Monica S h o r t e n , whose monograph 
on t h e woodcock i n 1974 p r o v i d e d t h e i n i t i a l 
impetus f o r f u r t h e r r e s e a r c h on woodcock. 
To David Caldow, whose g r e a t i n t e r e s t i n 
woodcock made t h e c u r r e n t s t u d y p o s s i b l e . 
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1. GENERAL INTRODUCTION 
1.1 Taxonomy 
The European woodcock Scolopax rusticola belongs to the 
family Scolopacidae which c o n s i s t s of 22 genera and 86 
s p e c i e s of wading b i r d s , i n c l u d i n g curlews, sandpipers, 
godwits, s t i n t s , snipe and woodcock. There i s a t o t a l of s i x 
s p e c i e s w i t h i n the genus Scolopax, although Scolopax rusticola 
i s the only s p e c i e s i n h a b i t i n g the western P a l e a r c t i c ; The 
American woodcock Scolopax minor i s found i n the N e a r c t i c 
w h i l s t S. saturata, S. celebensis and 5. rochusenni i are l i m i t e d 
to Indonesia and New Guinea and S. mira i s confined to the 
Ryukyu I s l a n d s . 
Although r e l a t e d to snipe, sandpipers and curlews, 
woodcock are r a r e l y found i n c o a s t a l h a b i t a t s except on 
migration and are g e n e r a l l y a s s o c i a t e d with woodland and 
farmland. Adults are of s t o u t b u i l d , measure about 350mm 
from b i l l t i p to t a i l t i p and weigh about 300g. The h i g h e s t 
weight i s a t t a i n e d i n November-December and drops to i t s 
lowest i n e a r l y February (Rochford & Wilson 1982). Females 
are g e n e r a l l y about 6g heavier than males throughout the 
year. The two a r r e s t i n g f e a t u r e s of the woodcock's 
appearance are i t s long t a p e r i n g b i l l (67-80mm) and i t s 
l a r g e dark eyes s e t back i n the crown of the head. The 
woodcock i s r a r e l y seen on the ground due to i t s c r y p t i c 
plumage and when d i s t u r b e d i n woodland i t q u i c k l y disappears 
by means of a zig-zag f l i g h t . The woodcock i s most 
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f r e q u e n t l y observed during the breeding season, when the 
male b i r d s perform a conspicuous d i s p l a y f l i g h t i n v o l v i n g a 
c h a r a c t e r i s t i c s e r i e s of "croaking" and "sneeze" 
v o c a l i z a t i o n s . 
1.2 Age and sex determination 
F i r s t - y e a r woodcock c l o s e l y resemble a d u l t s and i t i s 
not p o s s i b l e to separate the two age c l a s s e s i n the f i e l d . 
In the hand, age i s best determined on the b a s i s of primary 
wear and the p a t t e r n of the primary c o v e r t s (Clausager 
1973a). I n f i r s t - y e a r b i r d s , the older p r i m a r i e s (p8-pl0) 
are more worn and have g e n e r a l l y l o s t the pale outer margin; 
the d i f f e r e n c e i s more pronounced i n s p r i n g than i n autumn. 
The primary c o v e r t s of f i r s t - y e a r b i r d s g e n e r a l l y have a 
chestnut d i s t a l f r i n g e of 1.5-2.5mm wide whereas those of 
a d u l t woodcock have a pale, narrow (1.0-1.5mm) d i s t a l 
f r i n g e . Neither c r i t e r i o n alone i s f u l l y r e l i a b l e but i n 
combination 99% of b i r d s can be aged s u c c e s s f u l l y (Wilson, 
c i t e d by Cramp & Simmons 1983). 
The sexes are s i m i l a r i n plumage and morphology and 
d e s p i t e s e v e r a l s t u d i e s (Bettmann 1961, Clausager 1973a, 
Fadat 1968, 1972, 1973, McCabe & B r a c k b i l l 1973, Stronach 
et a7. 1974, Rochford 1982), a r e l i a b l e e x t e r n a l c h a r a c t e r 
fo r sex determination s t i l l remains to be found i n the 
European woodcock. At present, the sex of a proportion of 
b i r d s can be determined on the b a s i s of measurements. Using 
the r a t i o of t a i l : b i l l measurements, Clausager (1973a) was 
able to i d e n t i f y the sex of 42% of a d u l t male woodcock and 
46% of a d u l t female woodcock with 99% c e r t a i n t y . He was able 
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t o i d e n t i f y 28% of f i r s t - y e a r males and 20% of f i r s t - y e a r 
f e m a l e s w i t h t h e same degree of c e r t a i n t y . R o c h f o r d & W i l s o n 
(1982) a p p l i e d d i s c r i m i n a n t a n a l y s i s but a l l d i s c r i m i n a n t 
f u n c t i o n s gave p r o b a b i l i t i e s o f m i s c l a s s i f i c a t i o n of 
23%-38%. T h i s i s i n agreement w i t h t h e f i n d i n g s of S t r o n a c h 
e t al. ( 1 9 7 4 ) . 
1.3 D i s t r i b u t i o n 
World range 
The d i s t r i b u t i o n of t h e European woodcock v a r i e s 
s e a s o n a l l y and t h e b e s t a c c o u n t of i t s w o r l d range i s t h a t 
of V a u r i e ( 1 9 6 5 ) . The b r e e d i n g range p r o b a b l y c o m p r i s e s t h e 
e n t i r e t e m p e r a t e and b o r e a l P a l e a r c t i c (Voous 1960) and 
a p a r t from some s c a t t e r e d s o u t h e r n p o p u l a t i o n s , t h e 
d i s t r i b u t i o n l i m i t s l i e between t h e J u l y i s o t h e r m s of 12°C 
i n t h e n o r t h and 24°C i n the s o u t h . I n Norway, t h e n o r t h e r n 
d i s t r i b u t i o n l i m i t l i e s a t 70°N, i n Sweden and F i n l a n d a t 
66°N and f u r t h e r e a s t i t goes down t o 64°N. I n S i b e r i a , t h e 
n o r t h e r n d i s t r i b u t i o n i s b e l i e v e d t o end where t h a t of t h e 
S i b e r i a n f i r Abies sibirica f i n i s h e s ( V a u r i e 1 9 6 5 ) . I s l a n d 
p o p u l a t i o n s i n t h e A z o r e s , Madeira and the C a n a r i e s , a s w e l l 
a s i n C o r s i c a , form t h e s o u t h e r n l i m i t t o t h e woodcock's 
d i s t r i b u t i o n . 
The s o u t h e r n l i m i t t o t h e woodcock's d i s t r i b u t i o n on 
t h e m a i n l a n d i s l e s s c e r t a i n b e c a u s e h e r e o n l y h i g h - a l t i t u d e 
r e g i o n s a r e i n h a b i t e d . The l i m i t r u n s t h r o u g h N S p a i n 
( P y r e n e e s ) , t h e mountainous p a r t s of S F r a n c e and N I t a l y 
and t h e n s o u t h i n t o t h e T u s c a n A p e n n i n e s . On t h e B a l k a n 
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Peninsula, the l i m i t extends south i n t o the B u l g a r i a n 
Rhodope. I n the lowlands to the e a s t , the southern l i m i t 
l i e s f u r t h e r north, f o l l o w i n g the southern edge of the t a i g a 
a t about 50 °N. The woodcock i s d i s t r i b u t e d as f a r e a s t as 
S Japan. A d d i t i o n a l breeding populations occur south of the 
continuous d i s t r i b u t i o n range i n the c e n t r a l and W Caucasus 
(Kbzlova 1962), i n the northern mountains of Turkestan and 
along the N Himalayas, from N P a k i s t a n to Bhutan (Vaurie 
1965), where the s p e c i e s may be found a t heights up to 
4,000m. 
The European population 
About a t h i r d of the g l o b a l woodcock population breeds 
i n Europe and by f a r the l a r g e s t numbers of breeding b i r d s 
are found i n the former USSR and Fennoscandia with over 90% 
of the European population o c c u r r i n g i n these regions 
(Piersma 1986). These populations are migratory, w i n t e r i n g 
throughout western and southern Europe, but p a r t i c u l a r l y i n 
France, Spain, the United Kingdom and I t a l y . The breeding 
populations of NW Europe aire l a r g e l y sedentary (Cramp & 
Simmons 1983). 
B i r d l i f e I n t e r n a t i o n a l data ( i n prep.) suggest the 
woodcock has d e c l i n e d i n over 80% of i t s European w i n t e r i n g 
range between 1970 and 1990. Unfortunately no trend data are 
a v a i l a b l e f o r Spain and the t r e n d f o r the European 
population i s based l a r g e l y on a s u b s t a n t i a l d e c l i n e i n the 
French w i n t e r i n g population (Yeatman-Berthelot 1991). 
P a r a d o x i c a l l y , the breeding population w i t h i n Europe appears 
to have remained s t a b l e during the l a s t 20 y e a r s , but t h i s 
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may be because the trends w i t h i n most c o u n t r i e s are only 
poorly understood. F l u c t u a t i o n s i n the number of breeding 
woodcock i n e a s t e r n Europe are the main cause f o r concern as 
such a l a r g e proportion of the breeding population i s 
l o c a t e d i n t h i s region. The d e c l i n e i n the numbers of 
woodcock wi n t e r i n g i n France suggests t h a t t here has been a 
reduction i n breeding success or an i n c r e a s e i n the r a t e of 
a d u l t m o r t a l i t y amongst woodcock breeding i n e a s t e r n Europe. 
Small i n c r e a s e s i n numbers of breeding b i r d s have occurred 
i n Belgium, the Netherlands ( T e i x e i r a 1979, Cramp & Simmons 
1983), Denmark (Jespersen 1946, Clausager 1972) and I r e l a n d 
(Hutchinson 1989) i n the l a s t century. 
Changes i n the d i s t r i b u t i o n and population s i z e of woodcock 
i n B r i t a i n arid I r e l a n d 
Up to 1826, the woodcock was known to nest i n 20 
E n g l i s h counties ( i n c l u d i n g Devon, Cornwall and Somerset) 
but t h e r e were no records from Scotland or Wales and only 
one from I r e l a n d (Shorten 1974). The s p e c i e s spread r a p i d l y 
during the 19th century c o l o n i z i n g many p a r t s of Scotland, 
Wales and I r e l a n d ; a change t h a t has been a s c r i b e d mainly to 
the c e s s a t i o n of shooting i n the breeding season and the 
p r o t e c t i o n of c o v e r t s f o r pheasants Phasianus colchicus 
(Alexander & Lack 1944, Alexander 1945-47). By the time of 
the Woodcock I n q u i r y i n 1934-35, woodcock had been found 
breeding i n every county of England and Wales except 
Anglesey and i n a l l counties of I r e l a n d and the S c o t t i s h 
mainland (Alexander 1945-47). Confirmation t h a t woodcock 
were breeding on Anglesey was f i r s t obtained i n 1969. The 
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woodcock's b r e e d i n g d i s t r i b u t i o n a p p e a r s t o have changed 
l i t t l e s i n c e 1940, w i t h a b s e n c e s from Devon, C o r n w a l l and 
S and W Wales (Witherby e t al. 1940, S h a r r o c k 1976, L e w i s & 
R o b e r t s 1 9 9 3 ) . The r e a s o n f o r the a b s e n c e of b r e e d i n g 
woodcock i n t h e s e a r e a s i s s t i l l u n c l e a r . T h e r e was p r o b a b l y 
some e x p a n s i o n of range i n S S c o t l a n d , Wales and E A n g l i a 
d u r i n g t h e 1950s and 1960s due t o the p l a n t i n g of new 
c o n i f e r f o r e s t s ( P a r s l o w 1967, A v e r y & L e s l i e 1 9 9 0 ) , but t h e 
e x t e n t t o w h i c h t h e s e were u s e d by woodcock was n e v e r 
i n v e s t i g a t e d . I t seems l i k e l y t h a t t h e s e f o r e s t s a r e l e s s 
s u i t a b l e f o r woodcock now b e c a u s e t h e y have r e a c h e d the age 
where t h e canopy i s c l o s i n g ( L e w i s and R o b e r t s 1 9 9 3 ) . 
E s t i m a t e s of the s i z e of t he b r e e d i n g p o p u l a t i o n i n B r i t a i n 
and I r e l a n d c a n o n l y be t e n t a t i v e b e c a u s e males a r e 
s u c c e s s i v e l y p o l y g y n o u s ( H i r o n s 1979, 1980, 1981) and n e s t s 
a r e v e r y d i f f i c u l t t o f i n d . S h a r r o c k (1976) s u g g e s t e d t h a t 
t h e b r e e d i n g woodcock p o p u l a t i o n was i n t h e o r d e r of 18,000-
46,000 " p a i r s " (about 64,000 i n d i v i d u a l s ) w h i l s t L e w i s & 
R o b e r t s (1993) b e l i e v e t h a t t h e t h e c u r r e n t p o p u l a t i o n i s 
p r o b a b l y n e a r e r 10,250-26,000 " p a i r s " (about 36,000 
i n d i v i d u a l s ) . 
Woodcock w i n t e r i n a l l c o u n t i e s of t h e B r i t i s h I s l e s 
but g e n e r a l l y a v o i d h i g h ground i n S c o t l a n d and N E n g l a n d 
( L a c k 198 6) . They a r e thought t o be more numerous on t h e 
e a s t c o a s t and i n s o u t h e r n and w e s t e r n E n g l a n d and Wales 
(Tapper & H i r o n s 1 9 8 3 ) . The i n f l u x of C o n t i n e n t a l m i g r a n t s 
i n autumn i s s u c h t h a t t h e B r i t i s h w i n t e r i n g woodcock 
p o p u l a t i o n may number 800,000 b i r d s ( H i r o n s & L i n s l e y 1989) . 
T h i s means t h a t i f t h e r e a r e e q u a l numbers of young and 
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a d u l t B r i t i s h woodcock i n winter, Continental woodcock 
comprise 84-91% of the w i n t e r i n g woodcock population i n 
B r i t a i n . These migrants o r i g i n a t e mainly from Fennoscandia 
and the former USSR (Cramp & Simmons 1983), but the number 
a r r i v i n g from each country i s unknown, as i s the r e l a t i v e 
d i s t r i b u t i o n of these b i r d s with r e s p e c t to the r e s i d e n t 
woodcock i n B r i t a i n . 
1.4 H a b i t a t 
The p r e f e r r e d breeding h a b i t a t i s deciduous or mixed 
woodland (Clausager 1972) but c o n i f e r p l a n t a t i o n s are used 
up to the t h i c k e t stage (Shorten 1974, Marchant et al. 
1990), as are l a r g e patches of bracken Pteridium aquifolium i n 
upland a r e a s . Clausager (1972) concluded t h a t even i n 
deciduous f o r e s t s , the younger stands (aged 0-20 years as 
opposed t o 21-100 y e a r s ) were more densely populated. I n 
B r i t a i n there i s a higher i n c i d e n c e of breeding i n l a r g e 
woods (>80ha), and woods of l e s s than lOha are r a r e l y used 
( F u l l e r 1982). Clausager (1972) reported t h a t i n Denmark the 
minimum s i z e of woods frequented by woodcock was 20-30ha. 
K a l c h r e u t e r (1983) suggested t h a t i n many c a s e s i n c r e a s e d 
disturbance by man i n sm a l l woods was probably the l i m i t i n g 
f a c t o r r a t h e r than woodland s i z e i t s e l f . I n Scotland, 
woodcock breed i n sparse, s c a t t e r e d birchwoods and breeding 
woodcock have a l s o been found on t r e e l e s s i s l a n d s o f f the 
I r i s h c o a s t (Shorten 1974). An understorey of brambles Rubus 
spp., h a z e l Corylus avellana, h o l l y Ilex aquifolium or bracken 
provides cover from avian predators (Hirons & Johnson 1987) 
and earthworm-rich s o i l s are chosen by woodcock f o r feeding 
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areas during the breeding season (Granval & Muys 1992). Wide 
r i d e s and small c l e a r i n g s (2-4ha) are important to provide 
easy access and f l i g h t paths i n l a r g e woods (Shorten 1974). 
Breeding success i s thought to be low i n y e a r s when there 
are very dry summers (Hirons 1988a) because earthworms are 
l e s s a v a i l a b l e to the growing and r e c e n t l y fledged c h i c k s . 
The h a b i t a t requirements are l e s s s p e c i f i c i n winter 
and patches of gorse Ulex europaeus, willow Salix spp. scrub 
and Rhodedendron often hold woodcock during the day. T h i s i s 
probably because i n winter woodcock become nocturnal and 
frequent nearby f i e l d s . Consequently, areas with permanent 
pasture or l o n g - r o t a t i o n g r a s s l e y s w i t h i n about 1km of 
woods are p r e f e r r e d as these types of f i e l d s support high 
d e n s i t i e s of s o i l i n v e r t e b r a t e s (Hirons & Bickford-Smith 
1983, Granval 1988). The woodcock experiences higher 
m o r t a l i t y i n c o l d w i n t e r s due to feeding s i t e s becoming 
frozen ( B a i l l i e et a7. 1986, Marchant et al. 1990). 
1.5 Behaviour 
Woodcock are most conspicuous during the s p r i n g and 
e a r l y summer due to the d i s t i n c t i v e roding f l i g h t s performed 
by male b i r d s a t dawn and dusk. U n t i l the mid-1970s, the 
woodcock was b e l i e v e d t o be monogamous and roding f l i g h t s 
were thought to d e l i m i t the boundaries of e x c l u s i v e 
t e r r i t o r i e s ( T e s t e r & Watson 1973). During the l a s t 15 
y e a r s , thanks to r a d i o t r a c k i n g , g r e a t advances have been 
made i n our understanding of the breeding behaviour of the 
woodcock. The s p e c i e s has been shown to e x h i b i t s u c c e s s i v e 
polygyny, with dominant males f e r t i l i z i n g up to four females 
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i n a season (Hirons 1979, 1980, 1981). The p a i r bond l a s t s 
only three or four days, during which time the male follows 
the female c l o s e l y . He then resumes roding and i s b e l i e v e d 
not to r e v i s i t the female (Hirons 1980, 1981). 
The age of f i r s t breeding i n females has been reported 
as 12 months (Ostermeyer & Ferrand 1979, Hirons 1980), but 
i t i s not c l e a r whether a l l females or only a proportion 
breed a t t h i s age. The gonads of f i r s t - y e a r males are w e l l 
developed by February-March (Stronach 1983) but the 
proportion of f i r s t - y e a r males roding i n a p a r t i c u l a r area 
seems to depend on the number of older males present. I n 
B r i t a i n only a s m a l l proportion of f i r s t - y e a r males are 
thought to rode (Hirons 1980), whereas i n c o u n t r i e s such as 
Sweden, where older males are removed by s p r i n g shooting, up 
to 50% of roding males may be f i r s t - y e a r s (Marcstrom 1988). 
The breeding season i n B r i t a i n i s g e n e r a l l y considered 
to extend from e a r l y March to mid-July. One of the e a r l i e s t 
recorded i n s t a n c e s of roding i n B r i t a i n or I r e l a n d was on 15 
February (Raynsford 1959). The e a r l i e s t woodcock c l u t c h i n 
B r i t a i n was found on 2 March ( V e s e y - F i t z g e r a l d , c i t e d by 
Shorten 1974) and the l a t e s t on 9 September (Savage, c i t e d 
by Glutz von Blotzheim et a7. 1977). I n Denmark, 43% of 
c l u t c h e s were found p r i o r to 7 A p r i l i n y e a r s when the mean 
March temperature was 0.5°C or more above average and only 
13% were found before 7 A p r i l when the mean March 
temperature was 0„5°C or more below average (Clausager 
1973b). 
The n e s t i s l i t t l e more than a f l a t hollow measuring 
13-15cm i n diameter, u s u a l l y l i n e d with dead l e a v e s or dry 
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g r a s s , and the mean c l u t c h s i z e i s 3.8 (Alexander 1946) to 
3.9 (Morgan & Shorten 1974). The female alone i s r e s p o n s i b l e 
f o r incubation and the c a r i n g of the young (Shorten 1974, 
Hirons 1980). I t has been suggested t h a t the woodcock i s 
double-brooded (Alexander 1945-47, Clausager 1972) but there 
are only two proven i n s t a n c e s of t h i s , where woodcock 
incubating eggs were seen surrounded by a brood of c h i c k s 
(von Z e d l i t z 1927, c i t e d by Glutz von Blotzheim et al. 1977, 
Jensen, c i t e d by Pay 1937). 
During the breeding season, woodcock feed i n woodland 
by day and remain i n cover to r o o s t a t n i g h t . I n autumn, 
however, t h e i r behaviour changes and throughout the winter 
and e a r l y s p r i n g they are nocturnal and leave the woodland 
to feed on nearby f i e l d s . They r e t u r n to cover approximately 
h a l f an hour before dawn (Hirons & Bickford-Smith 1983) and 
ro o s t during the day. I t i s thought t h a t t h i s change occurs 
because i n v e r t e b r a t e food becomes r e l a t i v e l y more a v a i l a b l e 
i n f i e l d s i n the winter (Hirons & Owen 1982). However, i t 
may a l s o be because woodcock foraging i n woodland by day 
would be v u l n e r a b l e to avian predators, which are known to 
be important i n the breeding season when th e r e i s more cover 
than i n winter (Hirons & Johnson 1987). 
1.6 The impact of man on woodcock populations 
The woodcock has been hunted throughout Europe by man 
f o r c e n t u r i e s and i s s t i l l a h i g h l y valued quarry s p e c i e s 
amongst sportsmen. Under c u r r e n t l e g i s l a t i o n i n B r i t a i n , 
woodcock may be shot between 1 October and 31 January i n 
England and Wales and between 1 September and 31 January i n 
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S c o t l a n d and I r e l a n d . There i s l i t t l e i n f o r m a t i o n about the 
s i z e of t h e a n n u a l bag b e c a u s e t h e r e i s no l e g a l r e q u i r e m e n t 
f o r h u n t e r s t o submit d e t a i l s of t he number o f b i r d s t h e y 
k i l l . Game C o n s e r v a n c y T r u s t e s t i m a t e s , b a s e d on a s u r v e y of 
about 500 s h o o t s , s u g g e s t t h a t a p p r o x i m a t e l y 200,000 
woodcock a r e k i l l e d i n t h e UK p e r annum (Tapper & H i r o n s 
1 9 8 3 ) . I n o r d e r t o d e t e r m i n e t h e impact of s h o o t i n g on b o t h 
t h e r e s i d e n t B r i t i s h woodcock p o p u l a t i o n and t h e p o p u l a t i o n 
of o v e r w i n t e r i n g C o n t i n e n t a l m i g r a n t s i t i s n e c e s s a r y t o 
know whether m o r t a l i t y due t o h u n t i n g i s a d d i t i v e o r 
compensatory. 
The e x t e n t of any compensatory r e s p o n s e i s d e t e r m i n e d 
by t h e degree of d e n s i t y dependence i n m o r t a l i t y r a t e s . I n 
n a t u r a l p o p u l a t i o n s t h e r e l a t i o n s h i p between h u n t i n g 
m o r t a l i t y and a n n u a l r a t e s of s u r v i v a l i s u s u a l l y s u c h t h a t 
t h e m o r t a l i t y i s n e i t h e r t o t a l l y a d d i t i v e nor t o t a l l y 
compensatory. T h i s has been d e m o n s t r a t e d most c l e a r l y i n 
w i l d f o w l s u c h a s the m a l l a r d Anas platyrhynchos (Anderson & 
Burnham 1 9 7 6 ) . T h e r e a r e s e v e r a l mechanisms by w h i c h 
c o m p e n s a t i o n f o r s h o o t i n g m o r t a l i t y may o p e r a t e . I t may 
remove c o m p e t i t i o n w i t h i n t h e p o p u l a t i o n f o r c e r t a i n 
l i m i t i n g r e s o u r c e s s u c h a s food s u p p l i e s , a s i n t h e m a l l a r d 
(Hepp e t al. 1 9 8 6 ) , w i n t e r t e r r i t o r i e s , f o r example i n male 
r e d g r o u s e Lagopus lagopus scoticus (Watson 1985, Watson & 
J e n k i n s 1 9 6 8 ) , o r p o t e n t i a l b r e e d i n g s i t e s . A l t e r n a t i v e l y , 
i t may d e c r e a s e t h e e f f e c t of d e n s i t y - d e p e n d e n t c a u s e s of 
m o r t a l i t y s u c h a s p r e d a t i o n , a s i n t h e g r e y p a r t r i d g e Perdix 
perdix ( P o t t s 1 9 8 6 ) , o r d i s e a s e . However, t h e r e i s c l e a r l y a 
l i m i t t o t h e l e v e l of h u n t i n g t h a t c a n be compensated f o r 
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and even when p a r t i a l compensation takes place shooting 
u s u a l l y reduces the s i z e of the breeding population ( P o t t s 
1986). I n a population s u b j e c t e d to shooting, the r a t e of 
reproduction i n c r e a s e s and the r a t e of n a t u r a l m o r t a l i t y i s 
reduced because the population d e n s i t y i s reduced. The 
population s t a b i l i z e s a t a lower d e n s i t y than p r i o r to 
shooting and has a higher growth r a t e . The s t r e n g t h of 
d e n s i t y dependence i n breeding s u c c e s s and n a t u r a l a d u l t 
m o r t a l i t y determines the extent t o which the population i s 
reduced by given l e v e l s of h a r v e s t i n g (Robertson & Rosenberg 
1988). 
I t i s c l e a r t h a t i n order t o determine the l i k e l y 
impact of hunting on a given s p e c i e s , d e t a i l e d knowledge of 
i t s biology i s r e q u i r e d . The woodcock does not r e a d i l y y i e l d 
information s u i t a b l e f o r population s t u d i e s and t h i s i s 
p a r t i c u l a r l y the case with breeding females. T h i s e x p l a i n s 
why, with the exception of P o t t s & Hirons (198-3) who r e l i e d 
on bag data and age r a t i o s amongst shot b i r d s , there has 
been no attempt y e t to i n v e s t i g a t e the i n f l u e n c e of shooting 
on woodcock populations. The s i t u a t i o n with regard to the 
hunting of woodcock i n B r i t a i n i s f u r t h e r complicated by the 
f a c t t h a t the w i n t e r i n g population i s comprised of both 
r e s i d e n t and migratory b i r d s . I t i s conceivable t h a t the 
c u r r e n t r a t e of h a r v e s t i n g can be compensated f o r by the 
r e s i d e n t B r i t i s h woodcock, but t h a t i t i s damaging to the 
migrant population because these b i r d s are l i k e l y to be 
harvested i n s e v e r a l d i f f e r e n t c o u n t r i e s w h i l s t migrating to 
and from t h e i r B r i t i s h w i n t e r i n g grounds. I n order to 
understand the impact of h u n t i n g - o n woodcock i n B r i t a i n , 
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i n f o r m a t i o n i s c l e a r l y r e q u i r e d on r e g i o n a l d i f f e r e n c e s i n 
the r e l a t i v e abundance of B r i t i s h and C o n t i n e n t a l woodcock 
i n w i n t e r a s w e l l a s r e g i o n a l d i f f e r e n c e s i n t h e h u n t i n g 
p r e s s u r e . 
F o r e s t r y p r a c t i c e i n B r i t a i n c l e a r l y a f f e c t s t h e 
woodcock p o p u l a t i o n by a l t e r i n g t h e amount and t y p e of 
h a b i t a t a v a i l a b l e t o t h e s p e c i e s . H a b i t a t l o s s has been 
i n v o k e d a s t h e r e a s o n f o r t h e d e c l i n e of the A t l a n t i c 
p o p u l a t i o n of t h e A m e r i c a n woodcock ( D o b e l l 1977) , w h i c h has 
f a l l e n by 2% p e r annum s i n c e the l a t e 1960s. The f a c t o r s 
r e s p o n s i b l e f o r h a b i t a t l o s s a r e thought t o have been t h e 
c l o s i n g o f f o r e s t c a n o p i e s , c o n v e r s i o n of mixed s t a n d s t o 
p u re c o n i f e r s t a n d s , c l e a r - f e l l i n g f o r a g r i c u l t u r e and 
d r a i n a g e due t o t h e r e g u l a t i o n of r i v e r s and f o r t h e 
enhancement of c r o p y i e l d s ( S a n d e r s o n 1977, c i t e d by 
K a l c h r e u t e r 1 9 8 3 ) . I n S E n g l a n d t h e r e has been a n e t l o s s of 
woodland and c o v e r t s i n c e t h e 193 0s due t o t h e f e l l i n g and 
f r a g m e n t a t i o n o f o l d woodlands and the d i s s o l u t i o n of former 
s p o r t i n g e s t a t e s (Marchant e t al. 1990) . T h e r e has been an 
82% d e c l i n e i n managed c o p p i c e i n B r i t a i n s i n c e 1950 (Warren 
& Key 1991) and some 30-50% of a n c i e n t s e m i - n a t u r a l woodland 
has been l o s t . T hese l o s s e s may have been o f f s e t by t h e 
r a p i d i n c r e a s e i n c o n i f e r a f f o r e s t a t i o n d u r i n g t h e 1950s and 
1960s mentioned e a r l i e r ( s e c t i o n 1.3) 
B e c a u s e woodcock f e e d p r i m a r i l y on f a r m l a n d i n t h e 
w i n t e r , t h e y may be a t r i s k from t h e e f f e c t s of p e s t i c i d e s . 
Earthworms c o m p r i s e an i m p o r t a n t component of t h e d i e t a t 
t h i s t i m e of y e a r ( H i r o n s & B i c k f o r d - S m i t h 1983) and t h e y 
a r e known t o r e a d i l y a d s o r b p e s t i c i d e r e s i d u e s (Edwards & 
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Lofty 1977). Woodcock may t h e r e f o r e be contaminated by 
accumulation of these r e s i d u e s . Such an e f f e c t was 
demonstrated i n the American woodcock during the e a r l y 
1960s, which accumulated l e t h a l doses of heptachlor epoxide 
t h a t was applied i n the Gulf S t a t e s to c o n t r o l the imported 
f i r e ant Solenopsis saevissima ( S t i c k e l et - a7. 1965a,b) . 
Chemicals on farmland may reduce the numbers of some s o i l 
i n v e r t e b r a t e s and thus deplete the woodcock's food supply. 
I t has been shown r e c e n t l y t h a t some m o l l u s c i c i d e s and 
fu n g i c i d e s are d i r e c t l y poisonous to earthworms and some 
other c l a s s e s of s o i l i n v e r t e b r a t e s ( W i l t s h i r e & Glen 1989). 
The c a t t l e a n t h e l m i n t i c Ivermectin has a l s o caused some 
concern because i t i n h i b i t s the l a r v a l development of 
c e r t a i n Diptera and dung-beetles (Aphodius spp.) (Madsen 
et al. 1990). 
1.7 The c u r r e n t s t a t u s of the woodcock i n B r i t a i n 
The s t a t e of the B r i t i s h breeding woodcock population 
i s very d i f f i c u l t to a s s e s s because there i s no simple way 
to census the s p e c i e s . Woodcock n e s t s are n o t o r i o u s l y 
d i f f i c u l t to f i n d and although counts can be made of roding 
males, these are of questionable value as the s p e c i e s i s 
polygynous and, i n any cas e , only a proportion of the males 
(mainly a d u l t b i r d s ) rode (Hirons 1980). The B r i t i s h T r u s t 
f o r Ornithology's (BTO) Common B i r d Census (CBC) index 
suggests a p r o g r e s s i v e d e c l i n e i n the B r i t i s h woodcock 
population which has become ste e p e r s i n c e 1980 (Marchant 
et al. 1990). However, the CBC i s not p a r t i c u l a r l y s u i t e d to 
cr e p u s c u l a r s p e c i e s l i k e the woodcock which do not hold 
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breeding t e r r i t o r i e s and i t i s not c l e a r how r e l i a b l y the 
CBC monitors the woodcock population. I n a d d i t i o n , the CBC 
data aire biased towards S England and i t i s now c l e a r t h a t 
woodcock are more numerous and have fewer gaps i n t h e i r 
breeding d i s t r i b u t i o n i n N England and Scotland (Lewis & 
Roberts 1993). Nevertheless, the d i f f e r e n c e i n the records 
of breeding woodcock between the BTO breeding b i r d surveys 
of 1968-72 (Sharrock 1976) and 1988-91 (Lewis & Roberts 
1993) c l e a r l y i n d i c a t e s t h a t t h e r e has been a d e c l i n e i n the 
s i z e of the B r i t i s h breeding woodcock population. 
Hunting s t a t i s t i c s provide an i n d i c a t i o n of changes i n 
the numbers of w i n t e r i n g woodcock from year to year, but 
y i e l d no information on the B r i t i s h breeding population 
because of the l a r g e i n f l u x of Continental migrants. Game 
Conservancy T r u s t f i g u r e s suggest an i n c r e a s e i n the 
n a t i o n a l woodcock bag s i n c e about 1974, but t h i s may be due 
to an i n c r e a s e i n pheasant shooting (Rands & Tapper 1986). 
The woodcock bag i s a l s o l i k e l y to be a f f e c t e d by the 
s e v e r i t y of the winter weather. Hirons & L i n s l e y (1989) have 
suggested a new census method f o r woodcock i n winter which 
i n v o l v e s counting feeding b i r d s with a spot-lamp a t night. 
However, there i s as yet l i t t l e information on the 
r e l i a b i l i t y of the technique and i t i s l i k e l y to be too 
labour i n t e n s i v e f o r a wid e - s c a l e survey. 
I n summary, i t seems t h a t t h e r e has been a d e c l i n e i n 
the population of B r i t i s h breeding woodcock population s i n c e 
1980, with the l a r g e s t l o s s e s i n S England. The w i n t e r i n g 
population has remained a t l e a s t constant and may have 
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i n c r e a s e d s l i g h t l y , i n d i c a t i n g t h a t the same numbers of 
Continental migrants are continuing to v i s i t B r i t a i n . 
1.8 The present study 
With the exception of surveys and l i t e r a t u r e reviews, 
the only r e s e a r c h on the ecology of woodcock i n B r i t a i n 
p r i o r to t h i s study was conducted by Dr. Graham Hirons, who 
was employed by the Game Conservancy T r u s t during 1977-86. 
The present study forms a c o n t i n u a t i o n of Hirons' work and 
aims to answer some of the questions r a i s e d by i t . 
Throughout t h i s study unpublished data s u p p l i e d by 
Dr. Hirons have been used to complement the c u r r e n t 
f i n d i n g s . 
Research on the woodcock to date has focused l a r g e l y 
upon the nature of the mating system (Hirons 1980, 1981, 
1983), upon h a b i t a t use during the breeding season (Hirons & 
Johnson 1987) and on the use of f i e l d s i n w i n t e r (Ferrand & 
Gossman 1988, Granval 1988). The main o b j e c t i v e of t h i s 
study was to determine the reason f o r the probable d e c l i n e 
i n the B r i t i s h breeding population. Breeding s u c c e s s and, i n 
p a r t i c u l a r , c h i c k s u r v i v a l i s only poorly documented and 
t h i s study involved the c o l l e c t i o n of breeding data so t h a t 
the c u r r e n t r a t e of production could be compared with the 
annual a d u l t s u r v i v a l r a t e estimated from r i n g i n g 
r e c o v e r i e s . T e s t s f o r d e n s i t y dependence i n the production 
of young and i n overwinter l o s s have been performed and the 
a b i l i t y of woodcock populations to compensate f o r a d d i t i o n a l 
sources of m o r t a l i t y , such as shooting, has been examined. 
Information has been obtained on the r e l a t i v e d i s t r i b u t i o n 
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of B r i t i s h and C o n t i n e n t a l woodcock i n w i n t e r and r e g i o n a l 
d i f f e r e n c e s i n t h e h a r v e s t r a t e ( t h e p r o p o r t i o n o f t h e b i r d s 
p r e s e n t t h a t were k i l l e d ) due t o s h o o t i n g have been 
d e t e r m i n e d . The e f f e c t s of i n c r e a s e d p h e a s a n t s h o o t i n g and 
c o l d w i n t e r s on t h e s i z e o f t h e a n n u a l UK woodcock bag have 
been i n v e s t i g a t e d . H a b i t a t u s e and foraging- b e h a v i o u r by 
woodcock i n w i n t e r and d u r i n g t h e b r e e d i n g s e a s o n a r e 
d e s c r i b e d and t h e i m p l i c a t i o n s f o r t h e management of 
woodland and f a r m l a n d a r e d i s c u s s e d . 
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2. SURVIVAL RATES AND MOVEMENTS OF BRITISH AND 
CONTINENTAL WOODCOCK IN THE BRITISH ISLES 
2.1 INTRODUCTION 
The woodcock i s an i m p o r t a n t q u a r r y s p e c i e s i n B r i t a i n 
i n w i n t e r and t h e r e i s c o n c e r n a s t o whether t h e c u r r e n t 
r a t e of m o r t a l i t y i s c a u s i n g t h i s p o p u l a t i o n t o d e c l i n e . The 
B r i t i s h p o p u l a t i o n i s e s t i m a t e d t o number c.36,000 b r e e d i n g 
b i r d s (10,250-26,000 b r e e d i n g " p a i r s " , L e w i s & R o b e r t s 1993) 
which a r e supplemented by m i g r a n t b i r d s i n w i n t e r . H i r o n s & 
L i n s l e y (1989) c o n s i d e r e d t h e t o t a l B r i t i s h w i n t e r i n g 
p o p u l a t i o n t o be c.800,000 b i r d s , s u g g e s t i n g t h a t m i g r a n t s 
may outnumber r e s i d e n t b i r d s by about 10:1. However, t h e r e 
i s no i n f o r m a t i o n c o n c e r n i n g t h e r e l a t i v e d i s t r i b u t i o n o f 
m i g r a n t and r e s i d e n t b i r d s w i t h i n B r i t a i n n or t h e degree o f 
i n t e r c h a n g e between t h e d i f f e r e n t b r e e d i n g p o p u l a t i o n s . Some 
knowledge of t h e d e g r e e o f p h i l o p a t r y o f B r i t i s h woodcock i s 
of i m p o r t a n c e i n a s s e s s i n g t h e v a l u e o f h a b i t a t management 
i n a r e a s where t h e r e a r e l o c a l d e c l i n e s . 
The woodcock i s r e l a t i v e l y d i f f i c u l t t o s t u d y i n t h e 
f i e l d and t h e r e a r e c e r t a i n a s p e c t s o f i t s e c o l o g y t h a t a r e 
u n l i k e l y t o be d e t e r m i n e d by i n t e n s i v e l o c a l s t u d i e s b e c a u s e 
of t h e d i f f i c u l t y i n o b t a i n i n g i n f o r m a t i o n from a l a r g e 
number of i n d i v i d u a l s . T h i s c h a p t e r p r e s e n t s e s t i m a t e s o f 
s u r v i v a l r a t e s of B r i t i s h woodcock and C o n t i n e n t a l woodcock 
which w i n t e r i n t h e B r i t i s h I s l e s . I t d e s c r i b e s t h e f i d e l i t y 
o f B r i t i s h woodcock t o t h e n a t a l o r b r e e d i n g s i t e a s w e l l a s 
t h e o r i g i n , a r r i v a l and d e p a r t u r e t i m e s o f f o r e i g n b i r d s , 
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u s i n g t h e n a t i o n a l r i n g i n g d a t a h e l d b y t h e B r i t i s h T r u s t 
f o r O r n i t h o l o g y (BTO). 
2.2 METHODS 
A l l r i n g i n g r e c o v e r i e s o f woodcock f o u n d l o n g d e a d 
( f i n d i n g c o n d i t i o n : n o t f r e s h l y d ead, EURING code 3) w e r e 
e x c l u d e d f r o m t h e a n a l y s i s , t o g e t h e r w i t h a f e w r e c o v e r i e s 
c o n t a i n i n g o t h e r o b v i o u s i n a c c u r a c i e s . D e t a i l s f r o m 666 
B r i t i s h - r i n g e d woodcock and 226 f o r e i g n - r i n g e d woodcock 
r e c o v e r e d i n B r i t a i n a nd I r e l a n d d u r i n g t h e p e r i o d 1909-1990 
were u s e d . G o o d n e s s - o f - f i t t e s t s were p e r f o r m e d on e a c h 
r e c o v e r y t a b l e t o c h e c k w h e t h e r t h e r e were a ny a g e - r e l a t e d 
s u r v i v a l e f f e c t s ( A p p e n d i x 2.1) . No s u c h e f f e c t s were f o u n d 
among b i r d s t h a t s u r v i v e d b e y o n d 1 A p r i l i n t h e y e a r a f t e r 
h a t c h i n g and s u r v i v a l r a t e s were c a l c u l a t e d u s i n g H a l d a n e ' s 
m e t hod f o r i n c o m p l e t e r e c o v e r y d a t a ( H a l d a n e 1 9 5 5 ) . T h i s 
m e t h o d was u s e d i n s t e a d o f t h e more r e c e n t m ethods d e v e l o p e d 
b y B r o w n i e e t a l . (1985) b e c a u s e t h e numbers o f woodcock 
r i n g e d e a c h y e a r were n o t a v a i l a b l e , m e a n i n g t h a t a 
r e c a p t u r e r a t e c o u l d n o t be c a l c u l a t e d f o r t h e B r o w n i e 
e t al. (1985) m e t h o d . A d u l t s u r v i v a l r a t e was c a l c u l a t e d 
f r o m 1 A p r i l i n t h e s p r i n g f o l l o w i n g r i n g i n g f o r woodcock 
r i n g e d as f u l l - g r o w n b i r d s (EURING age codes 2, 3, 4, 5, 6) 
and as c h i c k s (EURING age code 1 ) , and e a c h y e a r o f l i f e was 
t a k e n as 1 A p r i l u n t i l 3 1 M a r c h ( A p p e n d i x 2.1) . T h i s means 
t h a t t h e e s t i m a t e s g i v e n f o r t h e s u r v i v a l o f b i r d s i n t h e i r 
f i r s t y e a r r e l a t e t o t h e p e r i o d f r o m f l e d g i n g u n t i l 1 A p r i l 
i n t h e f o l l o w i n g y e a r . 
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S i n c e 89% o f t h e r e c o v e r i e s were o f s h o t b i r d s , t h e 
e x t e n t t o w h i c h t h e s e d a t a r e p r e s e n t e d m o r t a l i t y i n t h e 
o v e r a l l p o p u l a t i o n was q u e s t i o n a b l e . T h e r e was no 
s i g n i f i c a n t d i f f e r e n c e i n t h e p r o p o r t i o n o f b i r d s s h o t 
b e t w e e n B r i t i s h - r i n g e d a d u l t s , B r i t i s h c h i c k s a n d f o r e i g n -
r i n g e d a d u l t s and c h i c k s f o r r e c o v e r i e s made a f t e r 1 A p r i l 
i n t h e y e a r f o l l o w i n g r i n g i n g ( T a b l e 2 . 1 ) , a n d t h e t h r e e 
d a t a s e t s w e re c o m b i n e d t o c a l c u l a t e s u r v i v a l r a t e s f o r s h o t 
b i r d s a n d f o r t h o s e f o u n d d e a d ( e x c l u d i n g EURING f i n d i n g 
c i r c u m s t a n c e c odes 0 (unknown) a n d 99 (no i n f o r m a t i o n ) ) . As 
t h e r e was a change f r o m t h e use o f a l u m i n i u m r i n g s t o more 
d u r a b l e m o n e l and i n c o l o y r i n g s i n B r i t a i n i n 1960, t h e 
s u r v i v a l r a t e s f o r woodcock m a r k e d w i t h e a c h t y p e o f r i n g 
w e r e c o m p a r e d as were t h e p r o p o r t i o n s o f r e c o v e r i e s made a t 
l e a s t f o u r y e a r s a f t e r r i n g i n g . 
T a b l e 2.1 P r o p o r t i o n o f t h e 
A p r i l i n t h e y e a r f o l l o w i n g 
" s h o t " . 
woodcock 
r i n g i n g 
r e c o v e r e d d e a d a f t e r 1 
t h a t w e r e r e p o r t e d as 
T o t a l 
r e c o v e r e d 
Number 
s h o t 
% s h o t 
B r i t i s h c h i c k s 198 176 89 
B r i t i s h - r i n g e d 
a d u l t s 138 123 89 
F o r e i g n - r i n g e d 
a d u l t s + c h i c k s 104 94 90 
T o t a l 440 393 89 X 2=0.17 
( d f = 2 ) N.S. 
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F i g u r e 2.1 D i v i s i o n of t h e B r i t i s h I s l e s i n t o e i g h t r e g i o n s 
( A - H ) and l o c a t i o n s o f b i r d o b s e r v a t o r i e s r e f e r r e d t o i n t h e 
t e x t . 
( 1 . F a i r I s l e , S h e t l a n d ; 2. Spurn, E Y o r k s h i r e ; 3. G i b r a l t a r 
P o i n t , L i n c o l n s h i r e ; 4. C l e y and B l a k e n e y , N o r f o l k ; 
5. B r a d w e l l , E s s e x ; 6. Dungeness, Kent; 7. S t . C a t h a r i n e ' s 
P o i n t , I s l e o f Wight; 8. P o r t l a n d B i l l , D o r s e t ; 
9. S t . Agnes, I s l e s of S c i l l y ; 10. Lundy, N Devon; 
11. Skokholm, P e m b r o k e s h i r e ; 12. B a r d s e y , C a e r n a r v o n s h i r e ; 
13. H i l b r e I s l a n d , C h e s h i r e ; 14. Cape C l e a r , Co. Cork; 
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C a l c u l a t i o n s o f p a r a m e t e r s o t h e r t h a n s u r v i v a l r a t e s 
w ere b a s e d on a l l r e c o v e r i e s . F o r t h e p u r p o s e o f s e a s o n a l 
a n a l y s i s , t h e p e r i o d f r o m M arch t o J u l y was t r e a t e d as t h e 
b r e e d i n g s e a s o n o r s p r i n g , t h e months o f A u g u s t and 
September as autumn and t h e p e r i o d f r o m O c t o b e r t o F e b r u a r y 
as t h e n o n - b r e e d i n g s e a s o n o r w i n t e r . F o r r e g i o n a l a n a l y s e s , 
t h e B r i t i s h I s l e s were d i v i d e d i n t o e i g h t c o m p a r t m e n t s 
l a b e l l e d A-H ( F i g u r e 2 . 1 ) . To i n v e s t i g a t e t h e i n f l u e n c e o f 
c o l d w e a t h e r on woodcock movements i n w i n t e r , p u b l i s h e d d a t a 
f r o m 12 w e a t h e r s t a t i o n s i n c e n t r a l E n g l a n d g i v i n g a v e r a g e 
mean d a i l y a i r t e m p e r a t u r e s f o r e a c h w i n t e r m o n t h and f o r 
t h e p e r i o d D e c e m b e r - F e b r u a r y ( M a n l e y 1974, P a r k e r e t a l . 
1991) w e r e u s e d . I n f o r m a t i o n r e g a r d i n g t h e t i m i n g a n d 
l o c a t i o n s o f t h e f i r s t a r r i v a l s o f m i g r a n t woodcock i n t h e 
B r i t i s h I s l e s was o b t a i n e d f r o m b i r d o b s e r v a t o r y r e p o r t s 
( W i l l i a m s o n 1 9 5 8 - 1 9 6 2 ) . To d e t e r m i n e w h e t h e r t h e a n n u a l 
p r o d u c t i o n o f y o u n g was s u f f i c i e n t t o m a i n t a i n t h e B r i t i s h 
b r e e d i n g p o p u l a t i o n g i v e n t h e s u r v i v a l r a t e s e s t i m a t e d f r o m 
r i n g r e c o v e r i e s , e s t i m a t e s o f n e s t s u c c e s s w ere d e t e r m i n e d 
u s i n g BTO n e s t r e c o r d c a r d s and e s t i m a t e s o f c h i c k s u r v i v a l 
t o f l e d g i n g were d r a w n f r o m f i e l d d a t a f o r t h e p e r i o d 1988-
1991 a t a s i t e i n D e r b y s h i r e ( C h a p t e r 6 ) . 
2.3 RESULTS 
2.3.1 A d u l t s u r v i v a l r a t e 
The a n n u a l a d u l t s u r v i v a l r a t e f o r b i r d s s h o t (n=3 93) 
was 0.568±0.017 (±se) and was n o t s i g n i f i c a n t l y d i f f e r e n t 
f r o m t h a t f o r b i r d s f o u n d d e a d (n=47, 0.608+0.059 (±se); 
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d=0.52, N.S.). T h e r e was t h e r e f o r e no e v i d e n c e o f an 
a p p r e c i a b l e b i a s i n t h e s u r v i v a l e s t i m a t e a r i s i n g f r o m t h e 
s h o t s a m p l e . Of t h e woodcock f o u n d dead f o r w h i c h s p e c i f i c 
c a u s e s o f d e a t h w e re g i v e n (n=35) , most were k i l l e d b y 
f l y i n g i n t o w i r e s o r c a b l e s ( n = 1 3 ) , as a r e s u l t o f 
a c c i d e n t a l t r a p p i n g (n=7) o r b y c o l l i d i n g w i t h v e h i c l e s 
(n=5) . A n a l y s i s o f t h e d a t a f r o m b i r d s r e c o v e r e d d u r i n g 
O c t o b e r - F e b r u a r y as f i r s t - y e a r s a n d as a d u l t s s u g g e s t e d t h a t 
t h e p r o p o r t i o n o f a l l d e a d r e c o v e r i e s w h i c h w ere s h o t d i d 
n o t d i f f e r b e t w e e n age c l a s s e s ( B r i t i s h - r i n g e d woodcock 
% 2 = 0 . 0 2 , d f = l , N.S.; f o r e i g n - r i n g e d woodcock X 2 = 0 . 9 1 , d f = l , 
N.S.). Thus t h e r e was no e v i d e n c e t h a t f i r s t - y e a r b i r d s w e r e 
more s u s c e p t i b l e t o s h o o t i n g t h a n a d u l t s . 
A d u l t s u r v i v a l r a t e s f o r woodcock r i n g e d as a d u l t s 
(n=141) a n d as c h i c k s (n=201) i n B r i t a i n and I r e l a n d a n d f o r 
t h o s e r i n g e d a b r o a d and r e c o v e r e d i n B r i t a i n a nd I r e l a n d 
(n=113) a r e g i v e n i n T a b l e 2.2. An a s s u m p t i o n o f e s t i m a t i n g 
f i r s t - y e a r s u r v i v a l was t h a t t h e r e p o r t i n g r a t e was t h e same 
f o r a d u l t a n d y o u n g b i r d s . E v i d e n c e s u p p o r t i n g t h i s was t h e 
s i m i l a r p r o p o r t i o n s o f a d u l t s a n d f i r s t - y e a r s s h o t . The 
p r o p o r t i o n o f f i r s t - y e a r woodcock among r i n g e d b i r d s s h o t a t 
L a n a r t h , a s p o r t i n g e s t a t e i n C o r n w a l l ( C h a p t e r 3 ) , was n o t 
a p p r e c i a b l y d i f f e r e n t f r o m t h e p r o p o r t i o n o f f i r s t - y e a r s 
w i t h i n t h e t o t a l sample r i n g e d : i n 1 9 9 0 / 9 1 73% o f t h e 
woodcock r i n g e d (n=22) w e r e f i r s t - y e a r b i r d s and 75% o f t h e 
r i n g e d b i r d s s h o t (n=8) w ere f i r s t - y e a r s ; i n 1991/92 t h e 
p r o p o r t i o n s o f f i r s t - y e a r s w e r e 76% among r i n g e d b i r d s 
(n=72) a n d 82% among r i n g e d b i r d s t h a t w e r e s h o t ( n = 1 7 ) . The 
a n n u a l a d u l t s u r v i v a l r a t e s e s t i m a t e d f o r B r i t i s h - r i n g e d 
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woodcock t h a t were r i n g e d as a d u l t s ( 53.3%) and as c h i c k s 
( 6 0 . 4 % ) d i d n o t d i f f e r s i g n i f i c a n t l y ( d = 1 . 3 1 , N.S.). The 
s u r v i v a l o f f o r e i g n - r i n g e d b i r d s v i s i t i n g t h e B r i t i s h I s l e s 
( 5 3 . 9 % ) was n o t s i g n i f i c a n t l y l o w e r t h a n t h a t o f b i r d s 
r i n g e d i n t h e B r i t i s h I s l e s ( 5 7 . 9 % ; d=0.74, N.S.). The 
e x p e c t a t i o n o f l i f e once a y o u n g b i r d r e a c h e d 1 A p r i l i n i t s 
s e c o n d c a l e n d a r y e a r was two y e a r s and t h e r e f o r e e a c h a d u l t 
c a n be e x p e c t e d , on a v e r a g e , t o b r e e d i n t w o o r t h r e e 
s e a s o n s . 
T a b l e 2.2 F i r s t - y e a r s u r v i v a l and a d u l t s u r v i v a l r a t e s o f 
B r i t i s h - r i n g e d and f o r e i g n - r i n g e d woodcock, 1909-1990. 
F i r s t - y e a r A n n u a l a d u l t E x p e c t a t i o n 
s u r v i v a l s u r v i v a l o f f u r t h e r 
(±se) r a t e (±se) l i f e o f 
a d u l t s ( y e a r s ) 
B r i t i s h - r i n g e d 
c h i c k s 0.472 +0.024 0.604 ±0.022 2.03 
(n=426) (n=201) 
B r i t i s h - r i n g e d 
a d u l t s (n=141) 0.533 ±0.032 1.64 
A l l B r i t i s h -
r i n g e d woodcock 0.579 ±0.018 1.88 
(n=342) 
F o r e i g n - r i n g e d 
w oodcock r e c o v e r e d 0.539 +0.035 1.67 
i n B r i t a i n and 
I r e l a n d (n=113) 
E s t i m a t i o n o f t h e a n n u a l a d u l t s u r v i v a l r a t e f o r 
B r i t i s h - r i n g e d woodcock ( a d u l t s a n d c h i c k s ) f o r t h r e e t i m e 
p e r i o d s s u g g e s t e d t h a t a d u l t s u r v i v a l was s l i g h t l y l o w e r 
d u r i n g 1970-1990 (0.546±0.037 ±se, n=126) t h a n d u r i n g 1909-
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1939 (0.606±0.023 ±se, n=185) a n d 1940-1969 (0.561±0.064 
±se, n = 3 1 ) , a l t h o u g h t h e r e were no s i g n i f i c a n t d i f f e r e n c e s 
b e t w e e n any o f t h e t i m e p e r i o d s ; 1909-1939 v s . 1970-1990, 
d=1.05, N.S. and 1940-1969 v s . 1970-1990, d=0.15, N.S. 
The a n n u a l a d u l t s u r v i v a l r a t e f o r woodcock ( a d u l t s a n d 
c h i c k s ) r i n g e d p r i o r t o 1960 (n=200) was 0.607+0.022 (±se) 
and t h a t f o r b i r d s r i n g e d f r o m 1960 o n w a r d s (n=142) 
0.538±0.035 (±se); t h e d i f f e r e n c e i s n o t s i g n i f i c a n t 
( d =1.27, N.S.). A h i g h e r p r o p o r t i o n o f t h e r e c o v e r i e s o f 
woodcock r i n g e d b e f o r e 1960 were made f o u r o r more y e a r s 
a f t e r r i n g i n g ; 19.5% compared w i t h 12.0% o f t h e r e c o v e r i e s 
o f woodcock r i n g e d f r o m 1960 o n w a r d s . I t seems u n l i k e l y t h a t 
t h e a l u m i n i u m r i n g s d i d n o t s u r v i v e t h e l i f e s p a n o f 
woodcock, a l t h o u g h i t i s p o s s i b l e t h a t b e c a u s e t h e m e t a l 
u s e d f o r t h e r i n g s a f t e r 1960 was more d u r a b l e t h e 
d i f f e r e n c e i n r i n g l o s s r a t e s o v e r t i m e m i g h t c o n c e a l a r e a l 
d e c l i n e i n s u r v i v a l . 
T h e r e was no s i g n i f i c a n t d i f f e r e n c e i n t h e a n n u a l a d u l t 
s u r v i v a l r a t e s o f woodcock r i n g e d as c h i c k s i n S c o t l a n d 
( r e g i o n s A,B) and i n E n g l a n d and Wales ( r e g i o n s C-G); 
0.596±0.028 (±se), n = 1 3 1 and 0.652+0.047 (±se), n = 6 1 
r e s p e c t i v e l y , d=0.74, N.S. 
2.3.2 P h i l o p a t r y 
F o r t y - f i v e B r i t i s h c h i c k s w e r e r e c o v e r e d d u r i n g M a r c h -
S e p t e m b e r i n y e a r s f o l l o w i n g t h e y e a r o f r i n g i n g . T h i r t y -
f o u r ( 7 6 % ) were r e c o v e r e d w i t h i n 10km o f t h e r i n g i n g 
l o c a t i o n , a l t h o u g h f i v e b i r d s ( 1 1 % o f t h e b r e e d i n g s e a s o n 
r e c o v e r i e s ) w e re r e c o v e r e d a b r o a d ( a t d i s t a n c e s g r e a t e r t h a n 
25 
500km). Of t h e s e t h r e e were f o u n d i n Sweden (12 A p r i l 1948, 
15 May 1940 and 25 May 1938) , one i n Norway (13 May 1932) 
and one i n R u s s i a ( 1 May 1940, n e a r Moscow). The p r o b a b i l i t y 
o f a r i n g e d woodcock b e i n g r e c o v e r e d a b r o a d i s o b v i o u s l y 
a f f e c t e d b y t h e s h o o t i n g seasons i n e a c h c o u n t r y , as some 
( t h e f o r m e r USSR, t h e B a l t i c S t a t e s , Romania, H u n g a r y , 
P o l a n d , f o r m e r C z e c h o s l o v a k i a , Y u g o s l a v i a , A u s t r i a , Denmark 
and Sweden) s t i l l p e r m i t t h e s h o o t i n g o f r o d i n g b i r d s d u r i n g 
s p r i n g . None o f t h e f i v e r e c o v e r i e s were r e p o r t e d as s h o t 
b u t no s p e c i f i c c a u s e s o f d e a t h w e re s u p p l i e d . Two o f t h e 
woodcock were f i r s t - y e a r s b u t t h e o t h e r s were r e c o v e r e d i n 
t h e i r t h i r d , f o u r t h and s e v e n t h y e a r s . Of t h e 60 f o r e i g n 
b i r d s r i n g e d as c h i c k s and r e c o v e r e d i n t h e B r i t i s h I s l e s , 
none were f o u n d i n t h e b r e e d i n g s e a s o n . 
2.3.3 F i d e l i t y t o t he n a t a l or b r e e d i n g s i t e i n w i n t e r 
D a t a f r o m 353 B r i t i s h - r i n g e d c h i c k s r e c o v e r e d i n w i n t e r 
and 35 a d u l t s r i n g e d i n B r i t a i n and I r e l a n d d u r i n g May-
September ( p r e s u m e d B r i t i s h ) and r e c o v e r e d i n w i n t e r w e r e 
e x a m i n e d w i t h r e s p e c t t o t h e d i s t a n c e a n d d i r e c t i o n 
t r a v e l l e d . A d u l t r e c o v e r i e s were r e s t r i c t e d t o b i r d s r i n g e d 
i n May-September b e c a u s e C o n t i n e n t a l woodcock a r e p r e s e n t i n 
B r i t a i n u n t i l m i d - A p r i l (see T a b l e 2 . 6 ) . I n a l l , 5 1 % were 
r e c o v e r e d w i t h i n 10km o f t h e p l a c e o f r i n g i n g and 68% w i t h i n 
30km b u t 13% were r e c o v e r e d a t d i s t a n c e s o f more t h a n 500km. 
Of t h e b i r d s t h a t moved more t h a n 100km f r o m t h e p l a c e o f 
r i n g i n g , 78% t r a v e l l e d s o u t h o r s o u t h - w e s t ( F i g u r e 2.2) . 
E x a m i n a t i o n o f t h e d a t a f o r b i r d s r e c o v e r e d when f i r s t - y e a r s 
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F i g u r e 2.2 D i s t a n c e and d i r e c t i o n moved from t h e - n a t a l or 
b r e e d i n g s i t e by B r i t i s h woodcock i n w i n t e r . 
The c o n c e n t r i c c i r c l e s c o r r e s p o n d t o d i s t a n c e : 100km, 300km, 
500km and 1,000km. The shaded a r e a o f t h e i n n e r c i r c l e 
r e p r e s e n t s t h e p r o p o r t i o n of b i r d s moving <l00km. The s i z e 
of t h e b l a c k c i r c l e s c o r r e s p o n d s t o t h e number of r e c o v e r i e s 
i n e a c h d i r e c t i o n : 1-5, 6-10, 11-20 and >20. 
N 
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and when a d u l t s r e v e a l e d no s i g n i f i c a n t d i f f e r e n c e s i n t h e 
d i r e c t i o n t a k e n o r t h e d i s t a n c e s moved ( T a b l e 2 . 3 ) . 
T a b l e 2.3 D i r e c t i o n and d i s t a n c e moved f r o m t h e n a t a l o r 
b r e e d i n g s i t e b y B r i t i s h - r i n g e d woodcock i n w i n t e r ( O c t o b e r -
F e b r u a r y ) . 
B i r d s w h i c h moved l e s s t h a n 6km were e x c l u d e d as t h e 
d i r e c t i o n o f movement was deemed u n i m p o r t a n t f o r s u c h l o c a l 
r e c o v e r i e s . 
Age D i r e c t i o n 
N E S W Sample 
s i z e 
F i r s t - y e a r 
A d u l t 
26 
21 
17 38 34 115 
17 48 36 122 
T o t a l 47 34 86 70 237 
X 2=1.55 ( d f = 3 ) N. S . 
Age D i s t a n c e (km) 
<11 11-50 51-100 101-300 301-500 >500 n 
F i r s t - y e a r 
A d u l t 
99 
98 
38 10 6 12 28 
35 5 20 14 23 
193 
195 
T o t a l 
% d i s t a n c e 
197 
(51%) 
73 15 26 26 51 
(19%) ( 4 % ) ( 7 % ) ( 7 % ) ( 1 3 % ) 
Mann-Whitney U=18.0 (n=6,6 
388 
) N.S. 
T h e r e was no e v i d e n c e t h a t woodcock r e c o v e r e d d u r i n g 
D e c e m b e r - F e b r u a r y moved f u r t h e r when t h e mean December-
F e b r u a r y t e m p e r a t u r e i n c e n t r a l E n g l a n d was l o w (<3 °C) ; on 
t h e c o n t r a r y f e w e r b i r d s were r e c o v e r e d a t d i s t a n c e s g r e a t e r 
t h a n 500km d u r i n g c o l d w i n t e r s ( T a b l e 2 . 4 ) . The mean 
t e m p e r a t u r e d u r i n g t h e month o f r e c o v e r y d i d n o t a f f e c t t h e 
d i s t r i b u t i o n o f r e c o v e r y d i s t a n c e s e i t h e r ( T a b l e 2 . 4 ) . T h e r e 
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was no c o r r e l a t i o n b e t w e e n t h e m e d i a n r e c o v e r y d i s t a n c e a n d 
t h e mean D e c e m b e r - F e b r u a r y a i r t e m p e r a t u r e i n c e n t r a l 
E n g l a n d e a c h w i n t e r ( r = - 0 . 0 5 , d f = 5 4 , N.S.). 
T a b l e 2.4 D i s t r i b u t i o n o f r e c o v e r y d i s t a n c e s o f B r i t i s h 
w o o dcock i n r e l a t i o n t o c o l d w i n t e r s and c o l d s p e l l s w i t h i n 
a l l w i n t e r s . 
D i s t a n c e ( k m ) 
<11 11-100 101-500 >500 n 
C o m p a r i s o n b e t w e e n w i n t e r s (mean Dec.-Feb. t e m p e r a t u r e i n 
c e n t r a l E n g l a n d ) f o r b i r d s r e c o v e r e d d u r i n g Dec .-Feb. 
C o l d (<3°C) 19 10 13 2 44 
M i l d (>3°C) 99 42 29 33 203 
T o t a l 118 52 42 35 247 
X 2 = 8 .76 ( d f = 3) p<0 . 05 
C o m p a r i s o n b e t w e e n r e c o v e r y months w i t h i n w i n t e r s (mean 
Nov., D e c , J a n . o r Feb. t e m p e r a t u r e ) f o r b i r d s r e c o v e r e d 
d u r i n g Nov.-Feb. 
C o l d (<3°C) 26 11 10 12 59 
M i l d (>3°C) 149 66 38 38 291 
T o t a l 175 77 48 50 350 
X 2=3.22 ( d f = 3 ) N.S. 
F i f t y - o n e B r i t i s h w oodcock ( 1 3 % o f w i n t e r r e c o v e r i e s ) 
w e r e r e c o v e r e d i n I r e l a n d , 30 o f w h i c h moved more t h a n 500km 
f r o m t h e i r n a t a l o r b r e e d i n g s i t e s . A l l w e r e r i n g e d i n 
S c o t l a n d o r n o r t h e r n E n g l a n d . F o u r t e e n b i r d s ( 4 % ) w e r e 
r e c o v e r e d i n m a i n l a n d E u r o p e ; s e v e n i n F r a n c e , t w o i n 
B e l g i u m , t h r e e i n S p a i n , one i n P o r t u g a l a n d one i n Denmark 
( F i g u r e 2 . 3 ) . The mean m o n t h l y t e m p e r a t u r e i n c e n t r a l 
E n g l a n d d u r i n g t h e m o n t h s t h a t t h e s e b i r d s w e r e r e c o v e r e d 
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F i g u r e 2.3 W i n t e r r e c o v e r i e s of B r i t i s h woodcock moving more 
t h a n 500km from t h e n a t a l o r b r e e d i n g s i t e . 
• T r i a n g l e s r e p r e s e n t b i r d s r e c o v e r e d i n t h e i r f i r s t y e a r 
' f o l l o w i n g f l e d g i n g , c i r c l e s r e p r e s e n t b i r d s r e c o v e r e d as 







r a n g e d f r o m 0.4°C t o 9.4°C and o n l y 11 o f t h e 65 r e c o v e r i e s 
w e r e made d u r i n g m onths w i t h mean t e m p e r a t u r e s b e l o w 3°C. I n 
t o t a l , 63% o f t h e w i n t e r r e c o v e r i e s o f B r i t i s h woodcock i n 
I r e l a n d a nd 86% o f t h o s e on t h e C o n t i n e n t were made b e f o r e 
1 J a n u a r y , s u g g e s t i n g t h a t i n most c a s e s t h e movements 
o c c u r r e d b e f o r e p r o l o n g e d f r o s t s o r snow were e n c o u n t e r e d . 
Thus t h e r e i s l i t t l e e v i d e n c e o f " h a r d w e a t h e r " movements 
o u t o f t h e B r i t i s h I s l e s . A s s u m i n g t h a t t h e r e c o v e r y r a t e s 
o f r i n g e d woodcock were s i m i l a r i n B r i t a i n a n d m a i n l a n d 
E u r o p e , t h e d a t a s u g g e s t t h a t o n l y a s m a l l p r o p o r t i o n 
( a b o u t 4%) o f B r i t i s h woodcock a r e m i g r a t o r y , l e a v i n g 
B r i t a i n a nd I r e l a n d as b i r d s f r o m m a i n l a n d E u r o p e a r e 
a r r i v i n g . 
2.3.4 O r i g i n s of f o r e i g n m i g r a n t s w i n t e r i n g i n t h e B r i t i s h 
I s l e s 
The o r i g i n s o f w i n t e r i n g woodcock were d e t e r m i n e d f r o m 
r e c o v e r i e s o f b i r d s r i n g e d a b r o a d as a d u l t s d u r i n g May-
Sep t e m b e r o r as c h i c k s and f r o m b i r d s r i n g e d i n B r i t a i n a nd 
I r e l a n d i n w i n t e r ( O c t o b e r - F e b r u a r y ) and r e c o v e r e d a b r o a d 
d u r i n g May-September ( F i g u r e 2 . 4 ) . The m a j o r i t y o f 
r e c o v e r i e s were o f b i r d s r i n g e d i n Norway, Sweden and 
F i n l a n d . I n o r d e r t o d e t e r m i n e t h e r e l a t i v e c o n t r i b u t i o n o f 
o v e r w i n t e r i n g m i g r a n t s f r o m e a c h c o u n t r y i t was n e c e s s a r y t o 
r e l a t e t h e number o f b i r d s r i n g e d t o t h e s i z e o f t h e 
b r e e d i n g p o p u l a t i o n i n e a c h s t a t e . T h i s was done b y 
c o m p a r i n g t h e r i n g i n g t o t a l s f o r woodcock, p u b l i s h e d i n 
K a l c h r e u t e r ( 1 9 8 3 ) , w i t h t h e number o f b i r d s r e c o v e r e d i n 
t h e B r i t i s h I s l e s t h a t w e r e r i n g e d d u r i n g t h e same p e r i o d 
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F i g u r e 2.4 The o r i g i n of woodcock w i n t e r i n g i n t h e B r i t i s h 
I s l e s a s d e t e r m i n e d from r i n g r e c o v e r i e s . 
F i l l e d s q u a r e s r e p r e s e n t a d u l t woodcock r i n g e d abroad d u r i n g 
May-September and r e c o v e r e d i n t h e B r i t i s h I s l e s i n O c t o b e r -
F e b r u a r y . F i l l e d c i r c l e s r e p r e s e n t woodcock r i n g e d a s c h i c k s 
abroad and r e c o v e r e d i n t h e B r i t i s h I s l e s i n O c t o b e r -
F e b r u a r y . Open c i r c l e s r e p r e s e n t a d u l t woodcock r i n g e d i n 
t h e B r i t i s h I s l e s i n O c t o b e r - F e b r u a r y and r e c o v e r e d abroad 
i n May-September. The arrow c o r r e s p o n d s t o a b i r d r e c o v e r e d 
n e a r Perm, R u s s i a (58°N 56°E). The d i s t r i b u t i o n of t h e 
r e c o v e r i e s of woodcock t h a t were r i n g e d i n t h e B r i t i s h I s l e s 
i n w i n t e r c a n be e x p l a i n e d by t h e f a c t t h a t s h o o t i n g i s 
p e r m i t t e d d u r i n g J u l y and August i n Sweden and from A p r i l 
u n t i l mid-May i n t h e former S o v i e t Union. 







(Table 2.5). The f i n a l r i n g i n g y e a r v a r i e d between 1970 and 
1973 f o r d i f f e r e n t c o u n t r i e s w i t h t h e e x c e p t i o n o f t h e 
f o r m e r S o v i e t Union f o r which r i n g i n g t o t a l s were o n l y 
a v a i l a b l e up t o 1954. The p r o p o r t i o n o f b i r d s r e c o v e r e d i n 
B r i t a i n and I r e l a n d was t h e n m u l t i p l i e d by t h e e s t i m a t e d 
b r e e d i n g p o p u l a t i o n i n each c o u n t r y (Piersma 1986) and 
expressed as a percentage o f t h e t o t a l v a l u e f o r a l l t h e 
c o u n t r i e s , t h e r e b y p r o v i d i n g an i n d e x o f t h e p r o p o r t i o n s o f 
t h e p o p u l a t i o n s w i n t e r i n g i n t h e B r i t i s h I s l e s . 
Table 2.5 The r e l a t i v e p r o p o r t i o n s o f woodcock from each 
c o u n t r y o f o r i g i n w i n t e r i n g i n B r i t a i n . (Data f r o m 
K a l c h r e u t e r (1983) and Piersma ( 1 9 8 6 ) ) . 
Where b r e e d i n g p o p u l a t i o n s have been quoted as " p a i r s " i n 
Piersma (1986), t h e f i g u r e s have been doubled t o g i v e t h e 
a p proximate number o f i n d i v i d u a l s and where ranges were 
quoted, t h e m i d p o i n t has been t a k e n . No e s t i m a t e i s 
a v a i l a b l e f o r t h e s i z e o f t h e b r e e d i n g p o p u l a t i o n i n t h e 
f o r m e r S o v i e t Union and a v a l u e o f 1,000,000 b i r d s has been 
used as an a p p r o x i m a t i o n . 
Country Number Number o f % r e c o v e r e d E s t i m a t e d Index 
o f b i r d s r e c o v e r i e s i n B r i t a i n b r e e d i n g 
r i n g e d i n B r i t a i n p o p u l a t i o n 
Norway 331 14 4 2 69,000 9 6 
Sweden 1, 079 27 2 5 150,000 12 4 
F i n l a n d 879 17 1 9 400,000 25 2 
Former USSR 284 3 1 1 (1,000,000) (36 4) 
Denmark 249 11 4 4 3 , 500 0 . 5 
Germany 549 15 2 7 >9,000 a 0 . 8 
N e t h e r l a n d s 690 43 6 2 5,000 1 . 0 
Belgium >155 1 0 6 2,200 <0 . 1 
France 66 0 0 20,000 0 
B r i t a i n 6 , 088 4 04 b 6 . 6 64,000 c 14 . 0 
i n f o r m a t i o n o n l y a v a i l a b l e f o r East Germany. 
b W i n t e r r e c o v e r i e s o n l y . 
c T h i s e s t i m a t e o f t h e s i z e o f t h e B r i t i s h b r e e d i n g 
p o p u l a t i o n has been used i n s t e a d o f t h e more r e c e n t e s t i m a t e 
o f Lewis & Roberts (1993) because i t i s more a p p l i c a b l e t o 
t h e t i m e p e r i o d f o r w h i c h t h e r i n g i n g r e c o v e r i e s have been 
examined he r e . 
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As many b i r d s o r i g i n a t e d from F i n l a n d as from Norway 
and Sweden combined. The fo r m e r S o v i e t Union p r o b a b l y 
c o n t r i b u t e d a l a r g e number o f woodcock t o t h e B r i t i s h 
w i n t e r i n g p o p u l a t i o n b u t more i n f o r m a t i o n i s r e q u i r e d about 
t h i s i m p o r t a n t b r e e d i n g area. I t i s c l e a r t h a t o n l y v e r y 
s m a l l numbers o f woodcock came t o t h e B r i t i s h I s l e s f r o m 
Germany, t h e N e t h e r l a n d s , Belgium and France and t h a t t h e 
m a j o r i t y o f these were b i r d s r i n g e d on m i g r a t i o n (see F i g u r e 
2.4 and Table 2.5). 
2„3„5 A r r i v a l and departure times of f o r e i g n migrants 
The p r o p o r t i o n o f f o r e i g n woodcock ( a d u l t s r i n g e d 
d u r i n g May-September and c h i c k s ) r e c o v e r e d i n B r i t a i n and 
I r e l a n d i n c r e a s e d u n t i l t h e end o f December and d e c l i n e d 
a f t e r January (Table 2.6) . The l a t e s t r i n g i n g d a t e f o r a 
woodcock r i n g e d abroad and r e c o v e r e d i n B r i t a i n d u r i n g t h e 
same season was 25 December (a b i r d r i n g e d i n t h e 
N e t h e r l a n d s and sho t i n S u f f o l k t h e f o l l o w i n g day) . Thus 
t h e r e was l i t t l e evidence o f c o l d weather movements i n 
January and February i n t o B r i t a i n f rom t h e C o n t i n e n t 
a l t h o u g h t h i s has f r e q u e n t l y been assumed. The f i r s t and 
l a s t r e c o v e r i e s o f f o r e i g n - r i n g e d b i r d s were on 12 October 
and 15 A p r i l r e s p e c t i v e l y . Some f o r e i g n - r i n g e d b i r d s (4% o f 
a l l f o r e i g n r e c o v e r i e s ) remained i n B r i t a i n d u r i n g March and 
i n t o A p r i l , by which t i m e many r e s i d e n t females would have 
l a i d eggs (Chapter 6 ) . 
The mean r e c o v e r y l a t i t u d e and l o n g i t u d e (Table 2.6) 
i n d i c a t e t h a t t h e r e i s a n e t movement o f B r i t i s h b i r d s s o u t h 
and west d u r i n g December, January and February and t h e n a 
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r e l a t i v e l y r a p i d movement back n o r t h and east i n March. The 
p a t t e r n f o r f o r e i g n - r i n g e d b i r d s i n d i c a t e s t h a t t h e y move 
r a p i d l y s o u t h and west d u r i n g October and t h e mean r e c o v e r y 
l a t i t u d e s f o r November t o January suggest t h a t t h e m a j o r i t y 
o f f o r e i g n b i r d s a re t o be found f u r t h e r s o u t h i n B r i t a i n 
t h a n B r i t i s h b i r d s d u r i n g t h i s p e r i o d . The i n f o r m a t i o n f o r 
f o r e i g n - r i n g e d woodcock i n February, March and A p r i l i s 
based on o n l y seven r e c o v e r i e s , b u t t h e r e appears t o be no 
eastw a r d movement o f these b i r d s i n B r i t a i n u n t i l March. 
Table 2.6 The t e m p o r a l and s p a t i a l d i s t r i b u t i o n o f w i n t e r 
r e c o v e r i e s o f B r i t i s h and f o r e i g n woodcock ( a d u l t s r i n g e d 
d u r i n g May-September and c h i c k s ) w i t h i n t h e B r i t i s h I s l e s . 
Each degree o f l a t i t u d e i s e q u i v a l e n t t o c.111km and a t 50°N 
each degree o f l o n g i t u d e i s equa l t o c.72km. 
R i n g i n g l o c a t i o n 
Month o f 
r e c o v e r y B r i t a i n Abroad 
n Mean Mean n Mean Mean o. *0 
l a t i t u d e l o n g i - l a t i t u d e l o n g i - f o r e i g n 
(°N) tude(°W) (°N) tude(°W) 
October 38 55°59' 3°54 ' 2 51°10 1 1°12 ' 5 . 0 
November 98 55°03 ' 3°59 ' 14 52°51' 5°25 1 12 . 5 
December 119 54°24' 3°52 1 29 53°01' 3°44 ' 19 . 6 
January 99 54°13 ' 4°08 ' 27 53°01 1 4°27 ' 21.4 
F e b r u a r y 20 54°04' 5°49 1 4 53°08' 4°16 ' 16 . 7 
March+ 12 55°06' 3°02 ' 3 51°06 1 0°34 ' 20 . 0 
A p r i l 
S u r p r i s i n g l y few r e c o r d s o f woodcock were made a t b i r d 
o b s e r v a t o r i e s d u r i n g 1958-61 and these g e n e r a l l y i n v o l v e d 
s m a l l numbers o f b i r d s . The d a t a suggest t h a t t h e f i r s t 
C o n t i n e n t a l a r r i v a l s u s u a l l y occur d u r i n g t h e second week i n 
October i n n o r t h e r n B r i t a i n and about t e n days l a t e r i n 
s o u t h e r n B r i t a i n (Table 2.7) . By f a r t h e l a r g e s t number o f 
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woodcock r e c o r d e d a t any o f t h e o b s e r v a t o r i e s were seen a t 
F a i r I s l e , where about 50 per day were seen d u r i n g peak 
passage i n average y e a r s but more t h a n 3 00 were seen on 
6 November 1961 ( W i l l i a m s o n 1962). More t h a n 1,000 were 
r e c o r d e d on 27-28 October 1976 (Thorn 1986) . Of f i v e 
r e c o v e r i e s o f woodcock r i n g e d abroad and f o u n d on F a i r I s l e 
o r r i n g e d on F a i r I s l e and r e c o v e r e d abroad, t h r e e were 
Swedish b i r d s and two were from Denmark. 
Table 2.7 F i r s t s i g h t i n g dates o f woodcock a t B r i t i s h b i r d 
o b s e r v a t o r i e s , autumn 1958-1961. (Data f r o m W i l l i a m s o n 1958-
1962) . 
C o a s t a l l o c a t i o n Number o f f i r s t Mean f i r s t 
and o b s e r v a t o r i e s dates r e c o r d e d date d u r i n g 
(see F i g u r e 2.1) 1958-61 
NE S c o t l a n d 1 3 12 October 
SE England 2,3,4,5 5 14 October 
SW England 9,10,11 5 24 October 
N Wales 12,13 2 24 October 
I r e l a n d 14,15 2 25 October 
S England 6,7,8 4 3 0 October 
The r e c o v e r y d a t e s o f a l l f o r e i g n - r i n g e d woodcock 
r e c o v e r e d i n t h e B r i t i s h I s l e s i n w i n t e r r e v e a l e d no 
s i g n i f i c a n t d i f f e r e n c e i n th e t i m e o f r e c o v e r y between b i r d s 
r i n g e d n o r t h o f t h e 54 °N l a t i t u d e l i n e (Norway, Sweden, 
F i n l a n d , Denmark and t h e f o r m e r S o v i e t Union) and t h o s e 
r i n g e d t o t h e s o u t h (Germany, t h e N e t h e r l a n d s , Belgium and 
France) (Table 2.8). 
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Table 2.8 Recovery dates o f f o r e i g n - r i n g e d woodcock 
r e c o v e r e d i n t h e B r i t i s h I s l e s a c c o r d i n g t o t h e r e g i o n o f 
r i n g i n g . 
Recovery p e r i o d i n t h e B r i t i s h I s l e s T o t a l 
R i n g i n g 
r e g i o n B e f ore 16-30 1-15 16-31 1-15 16-31 1-28 
16 Nov Nov Dec Dec Jan Jan Feb 
N o r t h o f 54°N 

















X 2=4.53 (df=6) N.S. 
2.3.6 R e l a t i v e adundance of f o r e i g n woodcock i n the 
w i n t e r i n g population i n the B r i t i s h I s l e s 
The r a t i o o f f o r e i g n t o B r i t i s h r e c o v e r i e s i n w i n t e r 
was h i g h e s t i n s o u t h and w e s t e r n B r i t a i n (Table 2.9) . These 
p r o p o r t i o n s , o f course, are dependent on t h e number o f 
woodcock r i n g e d i n t h e B r i t i s h I s l e s and i n each o f t h e 
c o u n t r i e s from w h i c h m i g r a n t s a r r i v e d and t h e r e f o r e do n o t 
r e p r e s e n t t h e t r u e p r o p o r t i o n s o f f o r e i g n t o B r i t i s h b i r d s 
i n each r e g i o n . N e v e r t h e l e s s , t h e d a t a s u p p o r t t h e evidence 
f r o m mean r e c o v e r y l a t i t u d e s (Table 2.6) t h a t f o r e i g n - r i n g e d 
woodcock w i n t e r f u r t h e r s o u t h i n B r i t a i n t h a n B r i t i s h - r i n g e d 
woodcock. The number o f r e c o v e r i e s , p a r t i c u l a r l y o f B r i t i s h -
r i n g e d b i r d s , i s low i n SW England and Wales ( r e g i o n E) and 
t h i s i s l i k e l y t o be due t o t h e s c a r c i t y o f woodcock as a 
b r e e d i n g s p e c i e s i n t h i s r e g i o n (Lewis & Roberts 1993). 
37 
Table 2.9 The r e g i o n a l d i s t r i b u t i o n o f w i n t e r r e c o v e r i e s o f 
B r i t i s h - r i n g e d and f o r e i g n - r i n g e d woodcock i n t h e B r i t i s h 
I s l e s . 
Region o f recovery-
O r i g i n 
o f b i r d s S c o t l a n d England I r e l a n d 
(A,B) (H) 
N o r t h South SW+ 
(C, D) (F, G) Wales 
B r i t i s h I s l e s 177 85 25 9 77 
C o n t i n e n t 5 9 21 12 29 
% f o r e i g n 2 . 7 9 . 6 45 . 7 57 .1 27 . 4 
X 2 = 87 6 (df=3) p<0 
(d a t a p o o l e d f o r S England 
and SW England + Wales) 
2.4 DISCUSSION 
2.4.1 B r i t i s h woodcock 
The B r i t i s h woodcock i s t y p i c a l l y s e d e n t a r y , e x h i b i t i n g 
a h i g h degree o f p h i l o p a t r y . R i n g i n g r e c o v e r y d a t a suggest 
t h a t i t u s u a l l y w i n t e r s c l o s e t o i t s b r e e d i n g areas b u t 
about 13% o f B r i t i s h woodcock move south-west t o I r e l a n d and 
about 4% move southwards t o m a i n l a n d Europe. These movements 
do not appear t o be ind u c e d by c o l d weather, as supposed by 
Alex a n d e r (1946), s i n c e t h e y o c c u r l a r g e l y b e f o r e January, 
when C o n t i n e n t a l woodcock are a r r i v i n g i n B r i t a i n . I n s t e a d , 
i t i s p r o b a b l e t h a t a s m a l l component o f t h e B r i t i s h 
woodcock p o p u l a t i o n i s t r u l y m i g r a t o r y . 
Woodcock r i n g e d i n B r i t a i n and I r e l a n d have an 
e s t i m a t e d annual a d u l t s u r v i v a l r a t e o f 57.9+1.8% (±se). 
T h i s v a l u e i s s i m i l a r t o t h e e s t i m a t e s o f 63% and 59.3% 
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c a l c u l a t e d from s m a l l e r samples by Lack (1943) (n=203) and 
Boyd (1962) (n=251) r e s p e c t i v e l y . I t i s s l i g h t l y l o w e r t h a n 
t h e a d u l t s u r v i v a l r a t e s f o r o t h e r s i m i l a r - s i z e d waders such 
as t h e b l a c k - t a i l e d g o d w i t Limosa limosa ( 6 3 % ) , l a p w i n g 
Vanellus vanellus (66%) and redshank Tringa totanus (68%) 
(Cramp & Simmons 1983). T h i s may be because woodcock a r e 
more f r e q u e n t l y shot i n w i n t e r o r because t h e y u t i l i z e a 
d i f f e r e n t t y p e o f h a b i t a t . There i s no evidence f o r a 
s i g n i f i c a n t d e c l i n e i n t h e annual a d u l t s u r v i v a l r a t e s i n c e 
1909 . 
I t i s p o s s i b l e t o c a l c u l a t e t h e b r e e d i n g success 
r e q u i r e d by woodcock i n t h e B r i t i s h I s l e s t o m a i n t a i n t h e 
p o p u l a t i o n w i t h a 57.9% a d u l t s u r v i v a l r a t e . As woodcock a r e 
polygynous, o n l y t h e number o f females i s i m p o r t a n t . The 
assumption has t o be made t h a t t h e r e was no s e x - s p e c i f i c 
d i f f e r e n c e i n m o r t a l i t y r a t e because t h e r e were no d a t a t o 
examine a d u l t s u r v i v a l r a t e s on t h e b a s i s o f sex ( o n l y a 
s m a l l p r o p o r t i o n o f woodcock can be sexed w i t h c o n f i d e n c e ) . 
I f we c o n s i d e r 100 females, 42.1 w i l l d i e each y e a r and w i l l 
need t h e same number o f female young produced f r o m 10 0 
females i n any y e a r t o rea c h b r e e d i n g age. Assuming t h a t t h e 
p r o p o r t i o n s o f each sex a t h a t c h i n g are e q u a l , each female 
w i l l need t o r a i s e 0.84 young t o b r e e d i n g age. W i t h a f i r s t 
y e a r s u r v i v a l r a t e from f l e d g i n g o f 47.2%, i t w i l l be 
necessary t o f l e d g e 1.78 young p e r female t o meet t h i s need. 
W i t h a mean c l u t c h s i z e o f 3.89, a h a t c h i n g success o f 44% 
of c l u t c h e s , r e l a y i n g o f u n s u c c e s s f u l c l u t c h e s ( g i v i n g an 
e f f e c t i v e 70% h a t c h i n g success) and 7% a d d l e d eggs 
(Chapter 6 ) , t h e n 2.53 c h i c k s a r e produced a n n u a l l y p e r 
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female. F l e d g i n g success i s e s t i m a t e d by me as 45% 
(Chapter 6) r e s u l t i n g i n 1.14 c h i c k s f l e d g i n g p e r female, 
w h i c h i s a p p r e c i a b l y l o w e r t h a n t h e r e q u i r e d number o f 1.78. 
These d a t a p r e d i c t a d e c l i n e i n t h e B r i t i s h woodcock 
p o p u l a t i o n and t h i s i s borne o u t by a l o n g t e r m d e c l i n e i n 
th e BTO Common B i r d s Census d a t a (Marchant e t a l . 1990). 
N e v e r t h e l e s s , t h e e r r o r s a s s o c i a t e d w i t h t h e e s t i m a t e s o f 
s u r v i v a l and b r e e d i n g success used i n t h e above c a l c u l a t i o n 
are such t h a t t h e e s t i m a t e d r a t e o f p o p u l a t i o n change has a 
wide c o n f i d e n c e i n t e r v a l . T h i s u n c e r t a i n t y means t h a t no 
f i r m c o n c l u s i o n can be drawn about whether t h e B r i t i s h 
woodcock p o p u l a t i o n i s i n c r e a s i n g , s t a b l e o r d e c r e a s i n g . 
A n o t h e r c o n s i d e r a t i o n i s t h a t t h e b r e e d i n g success d a t a a r e 
from a s i n g l e , p o s s i b l y u n r e p r e s e n t a t i v e , s i t e and s h o u l d be 
t r e a t e d w i t h c a u t i o n . Since most r e c o v e r i e s a re o f shot 
b i r d s , i t i s p o s s i b l e t h a t o v e r a l l t h e s u r v i v a l r a t e i n t h e 
B r i t i s h I s l e s i s s l i g h t l y h i g h e r t h a n e s t i m a t e d here due t o 
areas where t h e r e i s no s h o o t i n g o r where t h e i n t e n s i t y o f 
s h o o t i n g i s o n l y low. Some evidence o f such areas a r i s e s 
from f i v e b i r d s which s u r v i v e d f o r more t h a n e i g h t y e a r s 
(when o n l y one would have been expected, Appendix 2.1). The 
a u t h o r knows o f areas where woodcock are p r e s e n t i n w i n t e r , 
m a i n l y a t low d e n s i t i e s , b u t where t h e y a re n o t s h o t . Such 
areas may be p l a y i n g an i m p o r t a n t r o l e i n m a i n t a i n i n g t h e 
B r i t i s h p o p u l a t i o n o f woodcock. 
On t h e evidence o f r e c o v e r i e s , 1 1 % o f B r i t i s h young 
woodcock were r e p o r t e d on t h e C o n t i n e n t i n t h e b r e e d i n g 
season. T h i s i s almost c e r t a i n l y an exa g g e r a t e d p r o p o r t i o n , 
enhanced by t h e s h o o t i n g o f r o d i n g b i r d s i n c e r t a i n a r e a s , 
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b u t t h i s g e n e t i c exchange i s i n t e r e s t i n g and i m p o r t a n t . Such 
examples c o u l d be c o n s i d e r e d a b m i g r a t i o n and are o f t e n 
e x p l a i n e d by B r i t i s h b i r d s p a i r i n g w i t h C o n t i n e n t a l m i g r a n t s 
i n t h e w i n t e r i n g area and r e t u r n i n g t o t h e m i g r a n t s 1 
b r e e d i n g area. Such an e x p l a n a t i o n seems u n l i k e l y i n 
woodcock s i n c e t h e r e i s no good evidence o f p a i r f o r m a t i o n 
p r i o r t o m i g r a t i o n and l o n g t e r m p a i r i n g i s v e r y u n l i k e l y as 
t h e s p e c i e s i s polygynous. There are no r e c o r d s o f r i n g e d 
C o n t i n e n t a l woodcock r e m a i n i n g t o breed i n B r i t a i n o r 
I r e l a n d . 
2.4.2 C o n t i n e n t a l woodcock 
The woodcock b r e e d i n g on t h e c o n t i n e n t o f Europe a r e 
l a r g e l y m i g r a t o r y and about 730,000 may o v e r w i n t e r i n 
B r i t a i n ( H i r o n s & L i n s l e y 1989, Lewis & Roberts 1993). The 
a d u l t s u r v i v a l r a t e o f f o r e i g n - r i n g e d b i r d s r e c o v e r e d i n 
B r i t a i n and I r e l a n d i s 53.9+3.5% (±se), whi c h i s n o t 
s i g n i f i c a n t l y d i f f e r e n t from t h e s u r v i v a l r a t e o f B r i t i s h 
woodcock. The f a c t t h a t t h e s u r v i v a l r a t e s are comparable 
suggests t h a t most f o r e i g n b i r d s r e t u r n t o t h e B r i t i s h I s l e s 
i n s u c c e s s i v e y e a r s and t h a t t h i s b e h a v i o u r i s n o t s o l e l y a 
c h a r a c t e r i s t i c o f , f o r example, young b i r d s . I f t h e y d i d n o t 
r e t u r n , t h e s u r v i v a l r a t e o f C o n t i n e n t a l - r i n g e d woodcock 
would be l o w e r owing t o t h e s h o r t a g e o f o l d e r b i r d s r e p o r t e d 
i n B r i t a i n and I r e l a n d . I t was n o t p o s s i b l e t o e s t i m a t e 
w i n t e r i n g s i t e f i d e l i t y f o r C o n t i n e n t a l woodcock i n t h i s 
s t u d y b u t i t i s t h o u g h t t o be r e l a t i v e l y h i g h , w i t h about 
14% o f a sample o f 402 b i r d s r e t u r n i n g t o f o u r s t u d y s i t e s 
i n I r e l a n d i n subsequent w i n t e r s (Wilson 1983) and was 
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e s t i m a t e d as 69% on t h e b a s i s o f r i n g e d woodcock r e t u r n i n g 
t o a s i t e i n C o r n w a l l (Chapter 3 ) . Clausager (1974) 
e s t i m a t e d t h e mean annual a d u l t s u r v i v a l r a t e f o r woodcock 
r i n g e d i n S c a n d i n a v i a t o be 49.4% (n=227) . He deduced t h a t 
each female would have t o produce 2.94 f l e d g e d young p e r 
ye a r i n o r d e r t o m a i n t a i n a s t a b l e p o p u l a t i o n and conc l u d e d 
t h a t a c o n s i d e r a b l e p r o p o r t i o n o f t h e S c a n d i n a v i a n females 
must produce two su c c e s s i v e broods each y e a r i n o r d e r t o 
achiev e t h i s . A t p r e s e n t , t h e r e are o n l y two r e c o r d s o f 
d o u b l e - b r o o d i n g i n woodcock (von Z e d l i t z 1927, c i t e d by 
G l u t z von B l o t z h e i m e t al. 1977, Jensen, c i t e d by Pay 1937), 
b u t females l o s i n g eggs o r c h i c k s are a b l e t o l a y a second 
c l u t c h o f eggs ( H i r o n s 1983). 
C o n t i n e n t a l woodcock do n o t a r r i v e i n t h e B r i t i s h I s l e s 
u n t i l t h e second week i n October. There i s no evidence t h a t 
b i r d s f r o m t h e more n o r t h e r l y b r e e d i n g p o p u l a t i o n s o f 
Fennoscandia and t h e former S o v i e t Union a r r i v e e a r l i e r t h a n 
b i r d s f r o m Germany, t h e N e t h e r l a n d s , Belgium and France. 
R e l a t i v e l y few f o r e i g n - r i n g e d woodcock o v e r w i n t e r i n 
S c o t l a n d and by f a r t h e h i g h e s t p r o p o r t i o n o f f o r e i g n - r i n g e d 
b i r d s i s found i n s o u t h e r n England and Wales. The d e n s i t y o f 
w i n t e r i n g woodcock i s h i g h e r i n SW England; f o r example, t h e 
d e n s i t y i n C o r n w a l l i s t h r e e t i m e s g r e a t e r t h a n i n W i l t s h i r e 
and up t o t e n t i m e s g r e a t e r t h a n i n D e r b y s h i r e (Chapter 3 ) . 
There i s t h e r e f o r e l i k e l y t o be a l a r g e p r o p o r t i o n and a 
l a r g e number o f f o r e i g n woodcock w i n t e r i n g i n SW England and 
Wales, f u r t h e r s o u t h t h a n many B r i t i s h woodcock. W i t h i n 
B r i t a i n t h e l a r g e s t numbers o f woodcock are shot i n w e s t e r n 
areas, p a r t i c u l a r l y i n SW England (Tapper & H i r o n s 1983, 
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Chapter 3 ) , and a l a r g e p r o p o r t i o n o f t h e b i r d s t h a t a r e 
k i l l e d each w i n t e r are t h e r e f o r e u n d o u b t e d l y f o r e i g n 
m i g r a n t s . I t seems u n l i k e l y t h a t many C o n t i n e n t a l woodcock 
breed i n t h e B r i t i s h I s l e s d e s p i t e t h e f a c t t h a t f o r e i g n -
r i n g e d b i r d s are p r e s e n t u n t i l m i d - A p r i l . I n C o r n w a l l , an 
area where no woodcock breed (Lewis & Roberts 1993), a few 
b i r d s (presumed t o be C o n t i n e n t a l ) from t h e w i n t e r i n g 
p o p u l a t i o n are p r e s e n t u n t i l t h e end o f March and these 
b i r d s s i m p l y c o n t i n u e t h e i r w i n t e r p a t t e r n o f b e h a v i o u r and 
do n o t engage i n r o d i n g (Hoodless, p e r s . o b s . ) . I n any case, 
r o d i n g a lone does n o t p r o v i d e p r o o f t h a t b r e e d i n g has t a k e n 
p l a c e . Shorten (1974) r e p o r t e d t h a t r o d i n g woodcock were 
seen on t h e S c i l l y I s l e s a t t h e t i m e o f t h e s p r i n g 
m i g r a t i o n , b u t t h a t no nest was ever found t h e r e . W i t h e r b y 
e t al. (1940) s t a t e t h a t passage b i r d s may rode i n 
l o c a l i t i e s where t h e y do not s t a y t o breed. 
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3. THE DENSITY AND DISTRIBUTION OF WOODCOCK 
IN WINTER 
3.1 INTRODUCTION 
The w i n t e r i n g woodcock p o p u l a t i o n i n B r i t a i n c o n s i s t s 
o f b i r d s o f b o t h B r i t i s h and C o n t i n e n t a l o r i g i n and i s 
t h o u g h t t o number a p p r o x i m a t e l y 800,000 i n d i v i d u a l s ( H i r o n s 
& L i n s l e y 1989). M i g r a n t woodcock f r o m Fennoscandia and t h e 
fo r m e r USSR c o n s t i t u t e about 84-91% o f t h i s p o p u l a t i o n 
(Chapter 1) and most a r r i v e i n B r i t a i n d u r i n g October and 
November (Alexander 1946). The BTO Atlas of Wintering Birds 
shows t h e s p e c i e s t o be g e n e r a l l y d i s t r i b u t e d o v e r much o f 
B r i t a i n and I r e l a n d w i t h t h e e x c e p t i o n o f h i g h ground i n 
S c o t l a n d and N England (Lack 1986) . However, t h e p r e c i s e 
d i s t r i b u t i o n and r e g i o n a l abundance o f woodcock i n w i n t e r i s 
p o o r l y u n d e r s t o o d due t o t h e s p e c i e s n o c t u r n a l h a b i t a t t h i s 
t i m e o f y e a r . To d a t e , o n l y i n d i r e c t assessments have been 
p o s s i b l e t h r o u g h t h e use o f bag r e c o r d s as an i n d e x o f 
a b s o l u t e woodcock numbers (Tapper & H i r o n s 1983). The t o t a l 
number o f woodcock shot i n B r i t a i n each year i s e s t i m a t e d t o 
be c.200,000 b i r d s (Tapper & H i r o n s 1983) b u t n o t h i n g i s 
known about r e g i o n a l d i f f e r e n c e s i n t h e p r o p o r t i o n o f b i r d s 
k i l l e d o r about t h e l e v e l o f h a r v e s t t h a t can be s u s t a i n e d . 
The purpose o f t h e work d e s c r i b e d i n t h i s c h a p t e r was 
t o d e t e r m i n e d i r e c t l y woodcock d e n s i t i e s i n f o u r c o u n t i e s 
( C o r n w a l l , W i l t s h i r e , D e r b y s h i r e and Co. Durham) and t o f i n d 
out how t h e p r o p o r t i o n o f woodcock shot v a r i e d between 
d i f f e r e n t shoots and d i f f e r e n t p a r t s o f t h e c o u n t r y . W i n t e r 
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d e n s i t i e s o f brown hares Lepus europaeus which, l i k e 
woodcock, are n o c t u r n a l and make use o f f i e l d s , can be 
assessed by means o f spot-lamp counts (Barnes & Tapper 
1985) . The v a l u e o f t h i s method f o r d e t e r m i n i n g w i n t e r 
woodcock d e n s i t i e s was assessed i n C o r n w a l l . A l t h o u g h 
d a z z l i n g w i t h a spot-lamp has become a r e c o g n i z e d t e c h n i q u e 
f o r c a t c h i n g woodcock f o r r i n g i n g i n w i n t e r (Gossman e t a l . 
1988) and counts o f woodcock made w i t h a spot-lamp have been 
used t o i n v e s t i g a t e f e e d i n g p r e f e r e n c e s between d i f f e r e n t 
t y p e s o f f i e l d s ( F e r r a n d & Gossman 1988) t h e p o t e n t i a l o f 
t h e method as a census t e c h n i q u e has n o t been e x p l o i t e d . 
Because t h e woodcock t h a t can be seen f e e d i n g i n f i e l d s a t 
n i g h t r e s t i n woodland d u r i n g t h e day, i n f o r m a t i o n f r o m 
shoots c o n c e r n i n g t h e number o f b i r d s i n p a r t i c u l a r woods 
can be used t o c a l c u l a t e e q u i v a l e n t d e n s i t i e s o f b i r d s a t 
n i g h t and p r o v i d e independent e s t i m a t e s f o r comparison w i t h 
spot-lamp e s t i m a t e s . 
The accuracy o f spot-lamp counts i s l i k e l y t o be 
a f f e c t e d by f o u r f a c t o r s . 1. The e f f i c i e n c y o f t h e o b s e r v e r 
i n d e t e c t i n g woodcock p r e s e n t on t h e f i e l d s . T h i s i s n o t a 
problem p r o v i d e d t h e same ob s e r v e r covers t h e same s t u d y 
area d u r i n g a season, because a measure o f t h e e f f i c i e n c y 
can be g a i n e d from d a t a c o l l e c t e d on s h o o t s . 2. D i s t u r b a n c e 
o f t h e woodcock, i n p a r t i c u l a r f l u s h i n g o f b i r d s when 
a t t e m p t i n g t o c a t c h them f o r r i n g i n g . 3. N i g h t t o n i g h t 
v a r i a b i l i t y i n t h e d i s t r i b u t i o n o f b i r d s between f i e l d s . 4. 
I m m i g r a t i o n and e m i g r a t i o n o f b i r d s d u r i n g t h e census 
p e r i o d . The e f f e c t o f these f a c t o r s was examined i n 
C o r n w a l l . 
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W i n t e r s i t e f i d e l i t y has i m p o r t a n t i m p l i c a t i o n s f o r 
b i r d s s i n c e f a m i l i a r i t y w i t h t h e d i s t r i b u t i o n o f f o o d 
sources o r w i t h p o t e n t i a l p r e d a t o r s can a f f e c t s u r v i v a l 
(Spaans 1977, Hestbeck e t al. 1991). However, i f t h e 
s u i t a b i l i t y o f p o t e n t i a l w i n t e r i n g s i t e s v a r i e s f r o m y e a r t o 
y e a r and these changes are p e r c e i v e d by t h e b i r d s , t h e y may 
a c t i v e l y s e l e c t t h e most f a v o u r a b l e areas each w i n t e r 
( N i c h o l s e t a l . 1983) . Recaptures o f r i n g e d b i r d s a t t h e 
same w i n t e r i n g s i t e s i n I r e l a n d have p r o v i d e d some evidence 
f o r s i t e f i d e l i t y i n woodcock (Wilson 1983) , b u t such an 
approach n e i t h e r a l l o w s t h e e s t i m a t i o n o f a s u r v i v a l r a t e t o 
t h e f o l l o w i n g w i n t e r nor t h e p r o p o r t i o n o f t h e b i r d s a l i v e 
e x h i b i t i n g s i t e f i d e l i t y . I n o r d e r t o d e t e r m i n e t h e 
p r o p o r t i o n o f t h e woodcock a l i v e t h a t r e t u r n e d t o w i n t e r i n 
C o r n w a l l d u r i n g t h i s s t u d y , t h e methodology o f Hepp e t a l . 
(1987) and Cuadrado e t al. ( u n p u b l i s h e d ) was used t o compare 
s u r v i v a l r a t e e s t i m a t e s based on t h e r e c o v e r y d a t a f r o m 
woodcock r i n g e d i n C o r n w a l l w i t h t h e r e c o v e r y d a t a f r o m 
woodcock r i n g e d t h r o u g h o u t B r i t a i n and I r e l a n d i n w i n t e r . 
Bag r e c o r d s can p r o v i d e a u s e f u l i n d i c a t i o n o f t h e 
t r e n d i n w i n t e r i n g woodcock numbers p r o v i d e d t h e y a r e 
i n t e r p r e t e d w i t h c a r e . I n some European c o u n t r i e s , a l l 
h u n t e r s a r e r e q u i r e d t o r e p o r t t h e t o t a l number o f each game 
spe c i e s k i l l e d i n o r d e r t o o b t a i n a game l i c e n c e . Such a 
system has been i n o p e r a t i o n i n Denmark s i n c e 1940, e n a b l i n g 
t h e annual bag f o r each s p e c i e s t o be m o n i t o r e d ( S t r a n d g a a r d 
1964, S t r a n d g a a r d & A s f e r g 1980) . There i s no such l e g a l 
r e q u i r e m e n t i n B r i t a i n and bag r e t u r n s are s u b m i t t e d on a 
v o l u n t a r y b a s i s t o a scheme s e t up by t h e Game Research 
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A s s o c i a t i o n i n 1961. T h i s i s now r u n by t h e Game Conservancy 
T r u s t w h i c h r e c e i v e s 400-500 bag r e t u r n s each y e a r . 
Continuous r e c o r d s f o r each year from t h e same s p o r t i n g 
e s t a t e s o r farms over s e v e r a l decades are t h e most u s e f u l , 
p r o v i d e d t h e r e have n o t been changes i n t h e number o f guns 
o r t h e number o f days s h o o t i n g between seasons. However, t h e 
r e l a t i v e l y l a r g e number o f c o n t r i b u t o r s t o t h e Game 
Conservancy T r u s t scheme ensures t h a t t h e i n c l u s i o n o r 
removal o f a p a r t i c u l a r shoot i n a g i v e n y e a r does n o t have 
an a p p r e c i a b l e i n f l u e n c e on t h e mean bag. 
Tapper (1988) has d e s c r i b e d t h e problems i n v o l v e d i n 
i n t e r p r e t i n g B r i t i s h bag r e c o r d s . Those o f most importance 
w i t h r e s p e c t t o t h e woodcock are t h a t t h e sample i s non-
random, c o n s i s t i n g o f a group o f s e l f - s e l e c t e d e n t h u s i a s t s , 
t h a t c o n t r i b u t o r s may drop o u t o f t h e scheme when s h o o t i n g 
becomes i m p r a c t i c a l l e a d i n g t o u n d e r e s t i m a t e s o f d e c l i n e s , 
and t h a t t h e bag o f one speci e s may be a f f e c t e d by changes 
i n t h e s h o o t i n g p r e s s u r e on a n o t h e r s p e c i e s . I t has been 
suggested t h a t t h e i n c r e a s e i n t h e number o f woodcock shot 
i n t h e l a s t decade i s a consequence o f i n c r e a s e d pheasant 
Phasianus colchicus r e a r i n g and a g r e a t e r number o f days 
devoted t o pheasant s h o o t i n g (Tapper & H i r o n s 1983). I n t h i s 
c h a p t e r , t h e r e l a t i o n s h i p between t h e pheasant bag and t h e 
woodcock bag has been examined on a r e g i o n a l b a s i s . The 
i n f l u e n c e o f w i n t e r t e m p e r a t u r e on t h e woodcock bag has a l s o 
been i n v e s t i g a t e d . 
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3.2 STUDY SITES 
Most o f t h e f i e l d w o r k was conducted i n C o r n w a l l because 
th e r e l a t i v e l y l a r g e numbers o f woodcock t h e r e f a c i l i t a t e d 
t h e c o l l e c t i o n o f d a t a f o r t e s t i n g d i f f e r e n t methods o f 
d e n s i t y e s t i m a t i o n . S i t e s i n W i l t s h i r e , D e r b y s h i r e and Co. 
Durham were s t u d i e d so t h a t r e g i o n a l d i f f e r e n c e s i n woodcock 
d e n s i t y c o u l d be d e t e r m i n e d . 
Cornwall 
South-west B r i t a i n appears t o be f a v o u r e d as a 
w i n t e r i n g area by woodcock because o f i t s abundance o f 
n o r m a l l y f r o s t - f r e e p a s t u r e . The L i z a r d P e n i n s u l a , i n 
p a r t i c u l a r , i s renowned f o r t h e numbers o f woodcock shot 
t h e r e . Woodcock do n o t breed i n C o r n w a l l (Lewis & Roberts 
1993) and r i n g i n g r e c o v e r i e s i n d i c a t e t h a t a h i g h p r o p o r t i o n 
o f t h e woodcock w i n t e r i n g i n SW England are C o n t i n e n t a l 
m i g r a n t s (Chapter 2 ) . The f i r s t b i r d s a r r i v e i n October and 
most d e p a r t i n l a t e February and e a r l y March. Only two 
woodcock r i n g e d on t h e L i z a r d P e n i n s u l a i n w i n t e r have been 
r e c o v e r e d i n t h e b r e e d i n g season, b o t h i n t h e f o r m e r USSR. 
The a g r i c u l t u r e o f t h e r e g i o n i s p r e d o m i n a n t l y d a i r y and 
sheep f a r m i n g , and t h e c l i m a t e i n w i n t e r i s m i l d w i t h an 
average d a i l y mean te m p e r a t u r e i n January o f about 7.5°C, 
and u s u a l l y l e s s t h a n t e n days each y e a r w i t h minimum 
t e m p e r a t u r e s below 0°C. 
A t t e n t i o n was f o c u s e d on two e s t a t e s on t h e L i z a r d 
P e n i n s u l a : L a n a r t h , l o c a t e d 4km f r o m t h e sea on t h e e a s t o f 
t h e P e n i n s u l a ( g r i d r e f e r e n c e SW 7621) and T r e l o w a r r e n , 
s i t u a t e d c e n t r a l l y on t h e P e n i n s u l a about 2km s o u t h o f 
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Mawgan Creek on t h e H e l f o r d R i v e r ( g r i d r e f e r e n c e SW 7223) . 
For t h e purpose o f t h i s s t u d y , L a n a r t h was d i v i d e d i n t o two 
area s ; one around L a n a r t h farm and t h e o t h e r about 3.3km 
south-west, near Traboe Cross. Both e s t a t e s c o n s i s t e d o f a 
patchwork o f r e l a t i v e l y s m a l l f i e l d s (median s i z e 4.5ha), a 
h i g h p r o p o r t i o n o f whic h were grass (permanent p a s t u r e s and 
l e y s ) ; 77% a t T r e l o w a r r e n and 86% a t L a n a r t h . T r e l o w a r r e n 
had e x t e n s i v e areas o f mature woodland, w h i c h were m a i n l y 
deciduous (ash Fraxinus excelsior and oak Quercus robur) b u t 
w i t h some mixed and c o n i f e r o u s areas as w e l l . At L a n a r t h , 
t h e r e were some s m a l l e r b l o c k s o f deciduous woodland which 
had been l a r g e l y i n v a d e d by Rhodedendron, b u t t h e r e were 
a l s o r e l a t i v e l y l a r g e areas o f u n c u l t i v a t e d Calluna/Molinia 
moorland w i t h s c a t t e r e d clumps o f gorse Ulex europaeus and 
s a l l o w Salix spp. At Traboe Cross, t h e o n l y nearby woodland 
c o n s i s t e d o f a c o n i f e r o u s p l a n t a t i o n (46ha). 
S h o o t i n g t o o k p l a c e on t h e main area a t L a n a r t h once a 
y e a r d u r i n g t h e week f o l l o w i n g C hristmas, a l t h o u g h t h e r e 
were s m a l l e r shoots on a number o f o u t l y i n g areas d u r i n g 
November and January. Shoots o c c u r r e d a t T r e l o w a r r e n 
a p p r o x i m a t e l y once e v e r y two weeks from December u n t i l mid-
January b u t pheasants were t h e p r i n c i p a l q u a r r y here u n l i k e 
a t L a n a r t h where o n l y woodcock were s h o t . 
W i l t s h i r e 
F i e l d w o r k was c a r r i e d o u t a t Clarendon Park E s t a t e 
( g r i d r e f e r e n c e SU 1928) w h i c h l i e s about 5km east o f 
S a l i s b u r y . A l a r g e p r o p o r t i o n o f t h e area was devoted t o 
g r o w i n g c e r e a l s , and a r a b l e f i e l d s outnumbered g r a s s f i e l d s 
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by about 16:1. Daytime cover was a f f o r d e d by a s i n g l e l a r g e 
b l o c k (about 360ha) o f mixed woodland whi c h o c c u p i e d 
a p p r o x i m a t e l y 25% o f t h e area o f t h e e s t a t e . I n a d d i t i o n , 
t h e f i e l d s i n t h e n o r t h - e a s t h a l f o f t h e e s t a t e were 
i n t e r s p e r s e d by a network o f narrow deciduous s h e l t e r b e l t s . 
Pheasant shoots were conducted on t h e area t h r o u g h o u t t h e 
w i n t e r . 
Derbyshire 
Work was conducted on t e n a n t e d f a r m l a n d s u r r o u n d i n g 
W h i t w e l l Wood ( g r i d r e f e r e n c e SK 5278), a 171ha deciduous 
p l a n t a t i o n i n NE D e r b y s h i r e , about 24km s o u t h - e a s t o f 
S h e f f i e l d . The a g r i c u l t u r e o f t h e area was almost e n t i r e l y 
a r a b l e and c r o p f i e l d s outnumbered g r a s s f i e l d s by about 
18:1. The predominant crops were w i n t e r c e r e a l s and o i l s e e d 
rape. Other t h a n W h i t w e l l Wood, d i u r n a l cover c o n s i s t e d o f 
two r e l a t i v e l y l a r g e deciduous woods ( a p p r o x i m a t e l y 31ha and 
42ha i n s i z e ) and e i g h t s m a l l woods and copses ( s i z e s 
2-21ha) . The c l i m a t e can be severe i n h a r d w i n t e r s w i t h 
s u s t a i n e d p e r i o d s o f f r o s t o r snow. No s h o o t i n g t o o k p l a c e 
on t h e s t u d y area b u t pheasant shoots were conducted on a 
few n e i g h b o u r i n g farms and on Welbeck E s t a t e w h i c h i s 
s i t u a t e d about 6km s o u t h - e a s t o f t h e s t u d y area. 
Co. Durham 
Work was conducted on p a r t o f t h e Raby E s t a t e i n l o w e r 
Teesdale, t h e s t u d y area b e i n g s i t u a t e d midway between 
S t a i n d r o p and Hamsterley F o r e s t ( g r i d r e f e r e n c e NZ 0322) . 
The area c o n s i s t e d e n t i r e l y o f a m i x t u r e o f improved and 
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unimproved p a s t u r e f i e l d s which s u p p o r t e d m a i n l y sheep and a 
few beef c a t t l e . S e v e r a l r e l a t i v e l y s m a l l c o n i f e r o u s woods 
(4-25ha) were d i s t r i b u t e d t h r o u g h o u t t h e area b u t d i u r n a l 
c o v e r was a l s o a f f o r d e d by l a r g e areas o f brac k e n and 
Call u n a - d o m i n a t e d h e a t h i n some p a r t s o f t h e s t u d y area. 
S h o o t i n g t o o k p l a c e on t h e area t w i c e each w i n t e r ; once i n 
l a t e November and once i n l a t e December, a l t h o u g h s h o o t i n g 
c o n t i n u e d t h r o u g h o u t t h e season on t h e r e s t o f t h e e s t a t e . 
3.3 METHODS 
3.3.1 D e n s i t y e s t i m a t i o n from spot-lamp counts 
The p r i n c i p l e o f spot-lamp c o u n t i n g was t o s e a r c h a 
known area on s e v e r a l n i g h t s , r e c o r d i n g t h e number o f 
woodcock seen, so t h a t an e s t i m a t e o f t h e d e n s i t y o f b i r d s 
p r e s e n t c o u l d be d e r i v e d . P r i o r t o commencing t h e c o u n t s , 
t h e s i z e o f each f i e l d a t t h e s t u d y s i t e s was d e t e r m i n e d 
from a 1:25,000 O.S. map and each was a s s i g n e d a code-
l e t t e r . The counts were conducted d u r i n g two week p e r i o d s 
c o i n c i d i n g w i t h t h e occ u r r e n c e o f a new moon as t h e woodcock 
were more s e t t l e d a t these t i m e s (Gossman e t a l . 1988) . They 
were made u s i n g a 300,000 CP q u a r t z halogen lamp, powered by 
a 12v powerpack, and a l l except those i n D e r b y s h i r e were 
done on f o o t . The counts i n D e r b y s h i r e were conducted f r o m a 
v e h i c l e because t h e d e n s i t y o f woodcock t h e r e was r e l a t i v e l y 
low and t h e use o f a v e h i c l e enabled l a r g e r areas t o be 
searched. I n cases where i t was n o t p o s s i b l e t o see e n t i r e 
f i e l d s f r o m t h e v e h i c l e , a r c s o f view were e s t i m a t e d . The 
f i e l d s were searched i n a d i f f e r e n t sequence each n i g h t . To 
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assess n i g h t t o n i g h t v a r i a b i l i t y i n t h e d i s t r i b u t i o n o f 
woodcock between f i e l d s and d i s t u r b a n c e o f t h e b i r d s d u r i n g 
the spot-lamp c o u n t s , data c o l l e c t e d from 12 f i e l d s a t 
T r e l o w a r r e n and 11 f i e l d s a t L a n a r t h i n C o r n w a l l d u r i n g 
1990/91 and 1991/92 were used t o t e s t f o r d i f f e r e n c e s i n t h e 
mean number o f woodcock seen p e r f i e l d and t h e mean number 
seen p e r n i g h t . Subsets o f t h e complete d a t a s e t were 
s e l e c t e d such t h a t t h e r e was no more t h a n one m i s s i n g v a l u e 
f o r any f i e l d o r any n i g h t i n a p a r t i c u l a r a n a l y s i s . 
The d e n s i t i e s o f woodcock i n W i l t s h i r e , D e r b y s h i r e and 
Co. Durham were low e r t h a n i n C o r n w a l l and areas o f a t l e a s t 
3km 2 were searched i n each r e g i o n t o ensure r e p r e s e n t a t i v e 
d e n s i t y e s t i m a t e s . Counts made i n November and e a r l y 
December were p o o l e d t o g i v e p r e - s h o o t d e n s i t i e s and counts 
made i n l a t e January and February were used t o c a l c u l a t e 
p o s t - s h o o t d e n s i t i e s . A number o f woodcock were caught and 
r i n g e d i n C o r n w a l l each year and i t was p o s s i b l e t o sex some 
of t h ese b i r d s u s i n g t h e r a t i o o f t h e t a i l t o b i l l 
measurements (Clausager 1973a). The p r o p o r t i o n o f each sex 
i n t h e samples was amended a c c o r d i n g t o t h e a b i l i t y o f 
Clausager's f u n c t i o n s t o d i s c r i m i n a t e each age and sex 
group 1 and t h e sex r a t i o amongst t h e woodcock w i n t e r i n g i n 
C o r n w a l l was examined f o r any b i a s caused by s h o o t i n g o r 
d i f f e r e n t i a l m i g r a t i o n . I n a d d i t i o n , t h e t a i l : b i l l r a t i o o f 
a l l t h e woodcock measured a l i v e was p l o t t e d a g a i n s t t h e 
1 Clausager (1973a) was able t o c l a s s i f y w i t h 99% c e r t a i n t y 42% 
of the males and 46% of the females i n a sample of 156 a d u l t 
woodcock, and 28% of the males and 20% of the females i n a sample 
of 135 f i r s t - y e a r b i r d s using the t a i l : b i l l r a t i o . The c r i t e r i a 
f o r c l a s s i f i c a t i o n were: a d u l t s , >1.20 male <1.10 female and 
f i r s t - y e a r s , >1.20 male <1.00 female. 
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c u m u l a t i v e percentage o f the number o f b i r d s , u s i n g 
p r o b a b i l i t y paper. T h i s p r o v i d e d a method o f t e s t i n g f o r a 
d e p a r t u r e from an e q u a l sex r a t i o w i t h o u t t h e need t o know 
t h e sex o f t h e i n d i v i d u a l s , t hus e n a b l i n g t h e d a t a f r o m a l l 
t h e b i r d s t o be used. 
A n a l y s i s o f d a t a from e i g h t woodcock r a d i o t r a c k e d 
d u r i n g November and December 1992 (Chapter 4) showed t h a t on 
average 7% o f woodcock f a i l e d t o l e a v e t h e i r d i u r n a l covers 
each n i g h t (9 from 124 b i r d - n i g h t s ) and so counts were 
c o r r e c t e d f o r t h i s b e f o r e d e n s i t i e s were c a l c u l a t e d . The 
d e n s i t y e s t i m a t e s f o r C o r n w a l l r e f e r s o l e l y t o g r a s s f i e l d s 
because woodcock were o n l y o c c a s i o n a l l y seen on w i n t e r 
c e r e a l o r ploughed f i e l d s and i n any case these f i e l d s o n l y 
comprised a s m a l l p r o p o r t i o n o f t h e C o r n i s h s t u d y areas. 
D e n s i t y e s t i m a t e s f o r W i l t s h i r e and D e r b y s h i r e i n c l u d e d a t a 
f r o m counts made on gr a s s and c u l t i v a t e d f i e l d s . Count d a t a 
f o r C o r n w a l l and D e r b y s h i r e f o r t h e w i n t e r o f 1988/89 were 
s u p p l i e d by Dr. G. H i r o n s as were d e t a i l s o f woodcock r i n g e d 
on t h e L i z a r d P e n i n s u l a d u r i n g 1978/79-1980/81 and 
1986/87-1988/89. 
3.3.2 Density e s t i m a t i o n using shoot data 
The main area a t L a n a r t h was s t u d i e d because s h o o t i n g 
o n l y t o o k p l a c e t h e r e once a y e a r b u t a p p r o x i m a t e l y one 
t h i r d o f t h e annual woodcock bag f o r t h e e n t i r e e s t a t e was 
k i l l e d on t h e day. D u r i n g t h e course o f t h e shoot t h e 
l o c a t i o n o f each d r i v e was marked on a 1:10,000 map and t h e 
numbers o f woodcock f l u s h e d and shot p e r d r i v e were 
r e c o r d e d . The p o s i t i o n s where any r i n g e d b i r d s were shot 
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were n o t e d . I n an a t t e m p t t o d e f i n e t h e boundary o f t h e 
s t u d y area i n a manner which had b i o l o g i c a l meaning, t h e 
d i s t a n c e s f l o w n by woodcock from t h e i r d i u r n a l covers t o 
f i e l d s t o f e e d a t n i g h t were examined u s i n g d a t a f r o m 
r a d i o t a g g e d b i r d s (Chapter 4) and b i r d s r i n g e d on f i e l d s 
t h a t were r e c o v e r e d d u r i n g s h o o t i n g . 
Two methods were used t o e s t i m a t e t h e number o f 
woodcock p r e s e n t i n t h e s t u d y area on t h e shoot day. I n t h e 
f i r s t , t h e number o f woodcock f l u s h e d on t h e shoot was 
c o r r e c t e d f o r t h e f l u s h i n g e f f i c i e n c y ( t h e p r o p o r t i o n o f t h e 
b i r d s p r e s e n t t h a t were d i s t u r b e d by t h e b e a t e r s ) , t h e 
p r o p o r t i o n o f b i r d s f l u s h e d t w i c e and t h e p r o p o r t i o n o f 
woodland w i t h i n t h e s t u d y area t h a t was d r i v e n . I t was n o t 
p o s s i b l e t o de t e r m i n e annual e s t i m a t e s o f t h e f l u s h i n g 
e f f i c i e n c y and the p r o p r o t i o n o f woodcock f l u s h e d t w i c e , b u t 
Lack ( c i t e d by B i c k f o r d - S m i t h 1980) e s t i m a t e d t h a t t h e 
number o f woodcock p r e s e n t was e q u a l t o 90-95% o f t h e number 
o f woodcock f l u s h e d , on t h e b a s i s o f r a d i o t a g g e d b i r d s 
f l u s h e d d u r i n g t h e course o f a s i m u l a t e d shoot. The number 
o f woodcock f l u s h e d was c o r r e c t e d by 0.93 i n t h i s s t u d y and 
th e f i r s t e s t i m a t e o f t h e number o f woodcock (N) was 
c a l c u l a t e d by: 
N = 0 . 93nW/w 
where n = number o f woodcock f l u s h e d 
W = t o t a l woodland i n s t u d y area (km 2) 
w = woodland d r i v e n d u r i n g shoot (km 2) 
I t was assumed t h a t t h e woodcock were d i s t r i b u t e d 
between t h e woods i n approximate p r o p o r t i o n t o t h e area o f 
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each wood. No c o r r e c t i o n was made f o r woodcock from woods 
not d r i v e n t h a t were f e e d i n g on f i e l d s o u t s i d e t h e s t u d y 
area. However, due t o t h e heterogeneous d i s t r i b u t i o n o f 
woods i n t h i s p a r t o f C o r n w a l l i t was l i k e l y t h a t a s i m i l a r 
number o f woodcock moved i n t o t h e area from woods l o c a t e d 
o u t s i d e t h e boundary, a l t h o u g h t h i s was not p r o v ed. 
The second method o f e s t i m a t i n g t h e number o f woodcock 
i n t h e s t u d y area employed t h e L i n c o l n i n d e x w i t h s m a l l 
sample c o r r e c t i o n ( B a i l e y 1952): 
The assumption was made t h a t a l l o f t h e r i n g e d b i r d s were 
s t i l l a l i v e and i n t h e s t u d y area on t h e shoot day. T h i s 
method was used so t h a t t h e degree o f i m m i g r a t i o n and 
e m i g r a t i o n between t h e p e r i o d o f spot-lamp c o u n t i n g and t h e 
shoot day c o u l d be assessed by comparison w i t h t h e d e n s i t y 
e s t i m a t e c a l c u l a t e d from t h e number o f woodcock f l u s h e d on 
t h e shoot day. The number o f r i n g e d woodcock e x p e c t e d t o be 
shot (E) , assuming no i m m i g r a t i o n o r e m i g r a t i o n , c o u l d be 
e s t i m a t e d by c a l c u l a t i n g t h e number l i k e l y t o be a t r i s k 
f r o m t h e p r o p o r t i o n o f woodland d r i v e n . The number o f r i n g e d 
woodcock l i k e l y t o be shot f r o m t h o s e a t r i s k c o u l d t h e n be 
e s t i m a t e d from t h e p r o p o r t i o n o f t h e woodcock f l u s h e d t h a t 
were k i l l e d : 
N = R{s+1)I(r+1) 
se 
R2(s+1) ( s - r ) 
( r + 1 ) 2 ( r + 2 ) 
where R = t o t a l woodcock r i n g e d 
s = t o t a l woodcock shot 
r = r i n g e d b i r d s r e c o v e r e d shot 
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E = Rsw/O.93nW 
where R = t o t a l woodcock r i n g e d 
n = number o f woodcock f l u s h e d 
s = number o f woodcock shot 
W = t o t a l woodland i n s t u d y area (km 2) 
w = woodland d r i v e n d u r i n g shoot (km 2) 
3.3.3 C a l c u l a t i o n of w i n t e r i n g s i t e f i d e l i t y 
Woodcock were r i n g e d a t L a n a r t h and T r e l o w a r r e n , 
C o r n w a l l d u r i n g November-February each w i n t e r and r i n g e d 
b i r d s were r e c o v e r e d d u r i n g t h e shoots on t h e two e s t a t e s . 
The r e c o v e r i e s o f woodcock r i n g e d a t L a n a r t h and T r e l o w a r r e n 
p r o v i d e d an e s t i m a t e o f s u r v i v a l (S) as t h e p r o p o r t i o n o f 
t h e i n d i v i d u a l s a l i v e i n year n t h a t were s t i l l a l i v e and 
r e t u r n e d t o t h e same w i n t e r i n g s i t e i n year n+1. The 
parameter (1-S) t h e r e f o r e i n c l u d e d b o t h deaths and f a i l u r e 
t o r e t u r n t o L a n a r t h and T r e l o w a r r e n . A s u r v i v a l r a t e 
e s t i m a t e c a l c u l a t e d from t h e r e c o v e r i e s o f woodcock r i n g e d 
t h r o u g h o u t B r i t a i n and I r e l a n d d u r i n g t h e w i n t e r (October-
February) , u s i n g t h e n a t i o n a l r i n g r e c o v e r y d a t a f o r 
1909-1990, r e f l e c t e d o n l y s u r v i v a l s i n c e t h e r e c o v e r y d a t a 
came from a much l a r g e r area. I t was assumed t h a t 
i n d i v i d u a l s r e t u r n e d t o B r i t a i n and I r e l a n d and t h a t 
w i n t e r i n g s i t e s were n o t chosen from t h r o u g h o u t Europe. 
I t was t h e r e f o r e p o s s i b l e t o t e s t t h e n u l l h y p o t h e s i s 
t h a t t h e p r o b a b i l i t y o f r e t u r n i n g t o t h e same w i n t e r i n g 
s i t e , g i v e n t h a t t h e b i r d was a l i v e , was e q u a l t o u n i t y 
(Cuadrado e t al. u n p u b l i s h e d ) ; i n o t h e r words, t h a t t h e 
s u r v i v a l r a t e e s t i m a t e s from woodcock r i n g e d and r e c o v e r e d 
i n C o r n w a l l and fr o m t h e n a t i o n a l r i n g r e c o v e r y d a t a were 
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e q u a l . I f t h e n u l l h y p o t h e s i s was r e j e c t e d , t h e p r o b a b i l i t y 
o f r e t u r n i n g t o t h e same w i n t e r i n g s i t e c o u l d be e s t i m a t e d 
from t he r a t i o o f t h e two s u r v i v a l r a t e s (Hepp e t al. 1987) . 
Constant annual a d u l t s u r v i v a l r a t e s were c a l c u l a t e d 
f o r t h e C o r n i s h and t h e n a t i o n a l r i n g r e c o v e r y d a t a u s i n g 
Haldane's method f o r i n c o m p l e t e r e c o v e r i e s (Haldane 1955) . 
Recover i e s made d u r i n g t h e w i n t e r o f r i n g i n g were e x c l u d e d 
f r o m b o t h d a t a s e t s and t h e ana l y s e s were r e s t r i c t e d t o 
woodcock t h a t were s h o t . For t h e n a t i o n a l d a t a , each y e a r 
was t a k e n as 1 March-28/29 February and t h e r e c o v e r i e s o f 
woodcock r i n g e d a t L a n a r t h and T r e l o w a r r e n were excluded. 
3.3.4 Bag records and ha r v e s t r a t e e s t i m a t i o n 
The main shoots a t T r e l o w a r r e n and L a n a r t h were 
a t t e n d e d i n the w i n t e r o f 1991/92 as were a few shoots on 
nearby areas. The t o t a l number o f woodcock f l u s h e d and shot 
and t h e number o f pheasants shot were r e c o r d e d f o r each 
shoot . S i m i l a r i n f o r m a t i o n was o b t a i n e d f o r 26 shoots 
t h r o u g h o u t B r i t a i n i n December 1992 by t h e Game Conservancy 
L i m i t e d ' s r e g i o n a l a d v i s o r s . For t h e purpose o f t h i s s t u d y , 
t h e t e r m " h a r v e s t r a t e " has been used t o d e s c r i b e t h e 
p r o p o r t i o n o f t h e woodcock p r e s e n t (= t h e c o r r e c t e d number 
f l u s h e d ) t h a t was s h o t . At t h e end o f each shoot i n 
C o r n w a l l , t h e woodcock were aged a c c o r d i n g t o Clausager 
(1973a). A sample o f 20 b i r d s was sexed by d i s s e c t i o n . 
Bag r e c o r d s from t h e Game Conservancy T r u s t ' s N a t i o n a l 
Game Census were used t o p r o v i d e i n f o r m a t i o n on t h e 
d i s t r i b u t i o n o f woodcock t h r o u g h o u t B r i t a i n i n w i n t e r and t o 
det e r m i n e r e g i o n a l t r e n d s . The l o c a t i o n s o f shoots 
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F i g u r e 3„1 The d i s t r i b u t i o n of shoots c o n t r i b u t i n g to the 
Game Conservancy T r u s t ' s National Game Census i n 1977. 
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c o n t r i b u t i n g t o t h e scheme are shown i n F i g u r e 3.1. Most o f 
England was w e l l r e p r e s e n t e d w i t h t h e e x c e p t i o n o f C o r n w a l l , 
b u t r e l a t i v e l y few r e c o r d s were r e c e i v e d from W S c o t l a n d o r 
Wales. For t h e purpose o f r e g i o n a l a n a l y s e s , B r i t a i n was 
d i v i d e d i n t o t e n areas ( F i g u r e 3.2) . I r e l a n d was ex c l u d e d 
because v e r y few I r i s h r e c o r d s were r e c e i v e d . Where 
p o s s i b l e , shoots w i t h r e c o r d s f o r e v e r y year d u r i n g t h e 
p e r i o d o f i n t e r e s t were used t o de t e r m i n e t r e n d s . I n a l l 
cases, shoots k i l l i n g no woodcock were i n c l u d e d i n 
c a l c u l a t i o n s o f t h e mean bag t o reduce t h e r i s k o f any 
d e c l i n e s b e i n g u n d e r e s t i m a t e d . 
R e g i o n a l t r e n d s i n t h e annual woodcock bag were 
c o r r e c t e d f o r t h e annual pheasant bag and compared w i t h t h e 
u n c o r r e c t e d t r e n d s . One problem w i t h t h e N a t i o n a l Game 
Census bag da t a i s t h a t t h e number o f days s h o o t i n g i s n o t 
r e c o r d e d w i t h t h e annual t o t a l s f o r each s p e c i e s k i l l e d . I t 
was t h e r e f o r e assumed t h a t an i n c r e a s e i n t h e pheasant bag 
r e s u l t e d f r o m an i n c r e a s e i n t h e number o f days s h o o t i n g o r 
an i n c r e a s e i n t h e area o f woodland d r i v e n , b o t h o f which 
would have produced a l a r g e r woodcock bag. I t was assumed 
t h a t t h e r e was no i n c r e a s e i n t h e pheasant bag due s i m p l y t o 
the s h o o t i n g o f l a r g e r numbers o f pheasants on t h e same 
shoot days, as t h i s would n o t have produced a l a r g e r 
woodcock bag. These assumptions are v a l i d a t e d by Tapper & 
H i r o n s (1983) and Tapper (1992) who b e l i e v e t h a t t h e 
i n c r e a s e d pheasant bags d u r i n g t h e l a t e 1970s and d u r i n g t h e 
1980s were due t o an i n c r e a s e i n t h e number o f days 
s h o o t i n g . 
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F i g u r e 3„2 The Game Conservancy T r u s t ' s National Game Census 
r e g i o n s . 
(1 SW England, 2 SE England, 3 E a s t A n g l i a , 4 E a s t Midlands, 
5 West Midlands, 6 Wales, 7 NW England, 8 NE England, 







The r e l a t i o n s h i p between t h e number o f pheasants and 
th e number o f woodcock shot was d e t e r m i n e d by p l o t t i n g t h e 
mean pheasant bag a g a i n s t t h e mean woodcock bag f o r each 
year f o r B r i t a i n as a whole and f o r each r e g i o n , and 
d e t e r m i n i n g t h e c o r r e l a t i o n c o e f f i c i e n t . As a check t h a t t h e 
r e l a t i o n s h i p between t h e means was r e p r e s e n t a t i v e o f t h e 
r e l a t i o n s h i p on i n d i v i d u a l s h o o t s , t h e pheasant bag was 
p l o t t e d a g a i n s t t h e woodcock bag f o r a l l shoots i n B r i t a i n 
i n 1968/69 and 1987/88. T h i s was n o t done f o r a l l y e a r s due 
t o t h e l a r g e numbers o f shoots i n v o l v e d and 1968/69 and 
1987/88 were chosen i n o r d e r t o g i v e d a t a f o r a 
r e p r e s e n t a t i v e range o f pheasant bags (1968/69 mean bag 
29.1 pheasants/km 2, 1987/1988 mean bag 49.0 pheasants/km 2). 
The woodcock bag was c o r r e c t e d f o r t h e number o f pheasants 
shot each y e a r u s i n g t h r e e methods, t h e r e s u l t s o f which 
were compared. The f i r s t two methods employed t h e r e s i d u a l s 
f rom t h e r e g r e s s i o n o f t h e woodcock bag on t h e pheasant bag 
and t h e woodcock: pheasant r a t i o . The t h i r d method ammended 
th e woodcock bag i n p r o p o r t i o n t o t h e annual v a r i a n c e i n t h e 
pheasant bag: 
C o r r e c t e d woodcock 
bag f o r y e a r n = Wn + rWx{Px-Pn) /Px 
where Wx = mean woodcock bag f o r t h e p e r i o d 1961-1992 
Wn = woodcock bag i n y e a r n 
Px = mean pheasant bag f o r t h e p e r i o d 1961-1992 
Pn = pheasant bag i n ye a r n 
r = c o r r e l a t i o n c o e f f i c i e n t between t h e pheasant 
and woodcock bags 
A l l t h r e e methods gave v e r y s i m i l a r r e s u l t s i n terms o f t h e 
t r e n d s o f t h e c o r r e c t e d woodcock bags i n a l l r e g i o n s . For 
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t h e purpose o f g r a p h i c a l p r e s e n t a t i o n , t h e f i g u r e s f o r t h e 
t h i r d method are g i v e n as t h e y are i n t h e same u n i t s as t h e 
u n c o r r e c t e d bag t r e n d s . 
The i n f l u e n c e o f w i n t e r a i r t e m p e r a t u r e s on t h e annual 
mean woodcock bag was i n v e s t i g a t e d u s i n g t h e c o l d e s t o f t h e 
mo n t h l y means f o r December and January i n each o f t h e y e a r s 
1961/62-1990/91, g i v e n i n Manley (1974) and Parke r e t al. 
(1991) . 
3.4 RESULTS 
3.4.1 Night to night v a r i a t i o n i n spot-lamp counts, Cornwall 
There were s i g n i f i c a n t d i f f e r e n c e s i n t h e mean number 
of woodcock seen on each f i e l d over a l l n i g h t s d u r i n g t h e 
p r e - s h o o t p e r i o d s a t L a n a r t h and T r e l o w a r r e n i n b o t h 1990/91 
and 1991/92 and d u r i n g t h e p o s t - s h o o t p e r i o d i n 1990/91 a t 
L a n a r t h and 1991/92 a t T r e l o w a r r e n (Table 3.1, 
Appendix 3 . 1 ) . For n e i t h e r e s t a t e were t h e r e s i g n i f i c a n t 
d i f f e r e n c e s i n t h e mean number o f woodcock seen p e r n i g h t 
over a l l f i e l d s f o r any o f t h e t i m e p e r i o d s (Table 3.1, 
Appendix 3.1). I t was de c i d e d t h a t spot-lamp c o u n t s were 
s u f f i c i e n t l y r e l i a b l e t o enable r e p r e s e n t a t i v e e s t i m a t e s o f 
woodcock d e n s i t y t o be d e t e r m i n e d from counts conducted over 
a few n i g h t s . 
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Table 3.1 V a r i a t i o n i n woodcock numbers between f i e l d s and 
between n i g h t s i n C o r n w a l l (two-way ANOVA). 
Pre-shoot d a t a f o r 1990/91 g i v e n as an example. 
T r e l o w a r r e n L a n a r t h (main area) 
F i e l d / F i e l d Mean Date Mean F i e l d Mean Date Mean 
n i g h t code b i r d s / b i r d s / code b i r d s / b i r d s / 
f i e l d f i e l d / f i e l d f i e l d / 
n i g h t n i g h t 
Pre-shoot 1990/91 
1 B 2.60 2 8 Nov 1 .43 B 12 .40 3 Dec 2 . 57 
2 C 0 2 9 Nov 3 . 00 D 2 .40 4 Dec 3 . 57 
3 D 0 3 0 Nov 2 . 50 E 0.20 5 Dec 2 . 86 
4 E 2.00 1 Dec 3 .25 F 0 6 Dec 2 . 71 
5 J 1.80 10 Dec 0 . 57 J 0 . 80 7 Dec 2 . 83 
6 K 5.00 P 3 . 00 
7 Q 6.00 BA 1. 25 
8 T 0.60 
F i e l d s F=12.77 df = 7,20 p<0 . 01 F= 34 . 76 6 , 23 p<0 . 01 
N i g h t s F= 0.90 df = 3,20 N. S . F = 0.49 4, 23 N.S • 
T r e l o w a r r e n L a n a r t h (main area) 
F df S i g . F d f S i g . 
Post-shoot 1990/91 
F i e l d s 1. 99 5 , 13 N.S . 17 . 02 3,3 p<0 . 05 
N i g h t s 1. 65 3 , 13 N. S . 0 . 00 1,3 N.S. 
Pre-shoot 1991/92 
F i e l d s 4 . 28 6,29 p<0.01 82 .60 4,11 p<0 . 01 
N i g h t s 2 . 53 5, 29 N.S . 2 . 98 3 , 11 N.S. 
Post-shoot 1991/92 
F i e l d s 7 . 08 6, 10 p<0 . 01 3 . 97 3,5 N.S. 
N i g h t s 0 . 61 2 , 10 N.S. 0 . 51 2,5 N.S. 
3.4.2 Woodcock d e n s i t i e s i n Cornwall from spot-lamp counts 
Woodcock d e n s i t i e s i n C o r n w a l l f o r t h e l a s t f i v e 
w i n t e r s , c a l c u l a t e d from spot-lamp c o u n t s , are p r e s e n t e d i n 
Table 3.2. The woodcock reached t h e i r h i g h e s t d e n s i t y on t h e 
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L i z a r d P e n i n s u l a d u r i n g t h e w i n t e r o f 1989/90 and were 
p r e s e n t a t t h e i r l o w e s t d e n s i t y i n 1992/93. Up t o f o u r t i m e s 
as many woodcock were p r e s e n t i n some p a r t s o f t h e s t u d y 
area b e f o r e s h o o t i n g i n 1989/90 as i n 1992/93. However, t h e 
l a r g e s t a n d a r d e r r o r s ( p a r t i c u l a r l y f o r Traboe Cross) i n 
1989/90 i n d i c a t e t h a t t h e r e were l a r g e changes i n t h e 
d e n s i t y o f b i r d s and p r o b a b l y l a r g e - s c a l e movements o f 
woodcock t h r o u g h t h e s t u d y area. The d e n s i t y o f woodcock on 
the main area a t L a n a r t h was s i g n i f i c a n t l y h i g h e r t h a n t h a t 
a t T r e l o w a r r e n ( p a i r e d t - t e s t on l o g 1 0 t r a n s f o r m e d d a t a ; 
p r e - s h o o t data o n l y t=8.13, d f = 4 , p<0.01; p r e - s h o o t and 
p o s t - s h o o t data t=3.60, df=8, p<0.01). 
Table 3.2 Mean woodcock d e n s i t i e s ( b i r d s / k m 2 g r a s s 
f i e l d s ±se) on t h e t h r e e C o r n i s h s t u d y areas, d e t e r m i n e d by 
spot-lamp c o u n t s . 
The number o f counts i s g i v e n i n pa r e n t h e s e s . 
Year T r e l o w a r r e n L a n a r t h L a n a r t h 
(main area) (Traboe Cross) 
1988/89 
Pre-shoot 21. 5 + 4 1 (6) 27 6 + 4 4 10) 28 6 + 6 . 8 (2) 
P ost-shoot 5 0 (1) 17 0 ± 4 3 (2) 6 8 (1) 
1989/90 
Pre-shoot 41 0 ±11 8 (4) 70 6 ±19- 9 (2) 65 6 ±51 4 (3) 
P ost-shoot 18 2 + 4 8 (10) 15 9 ± 2 1 (4) 12 3 ± 1 8 (4) 
1990/91 
Pre-shoot 31 5 + 6 0 (6) 47 7 ± 4 3 (6) 
P ost-shoot 19 5 + 5 5 (4) 24 8 ± 6 3 (7) 16 5 ± 8 7 (2) 
1991/92 
Pre-shoot 16 9 ± 4 3 (13) 26 .4 + 2 .7 (16) 14 . 8 + 3 9 (8) 
Post - shoot 10 .4 + 1 .0 (3) 19 . 9 ± 2 . 8 (9) 27 . 0 + 5 9 (4) 
1992/93 
(4) Pre-shoot 11 . 5 ± 2 -6 (7) 16 . 2 + 4 . 4 (8) 10 . 8 ± 2 . 5 
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3.4.3 Comparison of woodcock d e n s i t i e s i n d i f f e r e n t p a r t s of 
England from spot-lamp counts 
The d e n s i t i e s o f woodcock e s t i m a t e d from spot-lamp 
counts i n W i l t s h i r e , D e r b y s h i r e and Co. Durham were a l l 
lowe r t h a n those i n C o r n w a l l and, w i t h t h e e x c e p t i o n o f 
1989/90, t h e l o w e s t d e n s i t i e s were r e c o r d e d i n D e r b y s h i r e 
(Table 3.3). There was c l e a r l y a h i g h d e n s i t y o f woodcock i n 
D e r b y s h i r e as w e l l as C o r n w a l l i n 1989/90 and t h e b i r d s 
remained t h r o u g h o u t t h e w i n t e r . The magnitude o f t h e 
d i f f e r e n c e i n t h e d e n s i t y o f woodcock between 1989/90 and 
t h e o t h e r w i n t e r s i n D e r b y s h i r e was s u r p r i s i n g and suggested 
an i n f l u x o f woodcock from elsewhere. The d e n s i t y o f 
woodcock was c l e a r l y lower i n C o r n w a l l and W i l t s h i r e 
f o l l o w i n g t h e main p e r i o d o f s h o o t i n g , b u t because 
i m m i g r a t i o n and e m i g r a t i o n o f woodcock were n o t accounted 
f o r , t h e d i f f e r e n c e between t h e p r e - s h o o t and p o s t - s h o o t 
d e n s i t i e s cannot be assumed t o p r o v i d e a r e l i a b l e e s t i m a t e 
o f t h e o v e r w i n t e r m o r t a l i t y . S h o o t i n g appears t o have been 
r e l a t i v e l y u n i m p o r t a n t i n D e r b y s h i r e and Co. Durham, b u t 
t h e r e was u n d o u b t e d l y some i m m i g r a t i o n o f woodcock t o t h e 
c o u n t i n g area f o l l o w i n g s h o o t i n g i n D e r b y s h i r e i n 1989/90 
and i n Co. Durham i n 1991/92, because t h e d e n s i t y o f 
woodcock i n c r e a s e d a f t e r t h e s h o o t i n g had f i n i s h e d . 
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Table 3.3 Mean woodcock d e n s i t i e s a t s i t e s i n f o u r c o u n t i e s 
i n England b e f o r e s h o o t i n g (November t o mid-December) and 
a f t e r s h o o t i n g (mid-January t o February) ( b i r d s / k m 2 
f i e l d s ±se): grass f i e l d s , t o p row; c r o p f i e l d s , bottom. 
The number o f counts i s g i v e n i n p a r e n t h e s e s . Data have been 
p o o l e d f o r t h e d i f f e r e n t e s t a t e s w i t h i n each area. 
Year C o r n w a l l W i l t s h i r e D e r b y s h i r e Co. Durham 
1988/89 
Pre- 25.7±12.1(18) -- 7.2 (1) 
shoot -- 0.0 (1) 
Post- 11.4+ 7.3 (4) 
shoot 
1989/90 
Pre- 55.7+49.9 (9) 4.6 (1) 10.2 (1) 
shoot 0.0 (1) 19.3 (1) 
Post- 16.4+11.4(18) -- 2.5±0.5(2) 
shoot 20.4±2.9(5) 
1990/91 
Pre- 39.6±14.9(12) 10.3+1.6(2) 
shoot 0.0 (2) 
Post- 21.8±13.9(13) 6.8 (1) 6.1±2.9(2) 
shoot 0.0 (1) 0.0 (2) 
1991/92 
Pre- 20.5+13.4(37) 13.6±2.9(3) 11.6±8.3(2) 4.6+5.0(3) 
shoot 0.0 (2) 0.0 (2) 
Post- 19.9± 9.8(16) 10.0±6.8(3) 8.3±1.2(3) 7.4+5.0(4) 
shoot 0.0 (2) 0.0 (3) 
3.4.4 Woodcock d e n s i t y estimated from shoots a t Lanarth, 
Cornwall 
The mean d i s t a n c e o f a l l t h e f l i g h t s t o f i e l d s made by 
the e i g h t r a d i o t a g g e d woodcock t r a c k e d d u r i n g November and 
December 1992 was o n l y 289±195m (±sd, maximum=780m, n=32). 
H i r o n s & B i c k f o r d - S m i t h (1983) m o n i t o r e d 66 f l i g h t s made by 
f i v e woodcock and r e p o r t e d t h e mean d i s t a n c e as 444+388m 
(±sd, maximum=1370m). The mean r e c o v e r y d i s t a n c e o f 17 
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woodcock r i n g e d on f i e l d s and shot i n woodland d u r i n g 
1991/92 was g r e a t e r , a t 908±533m (±sd, maximum=2160m), 
a l t h o u g h t h i s might be an o v e r e s t i m a t e o f t h e d i s t a n c e o f 
f l i g h t s between woodland and f i e l d s as some o f t h e r i n g e d 
woodcock c o u l d have changed t h e i r d i u r n a l r e s t i n g s i t e s 
between r i n g i n g and r e c o v e r y . E x c l u d i n g t h e recovery-
d i s t a n c e s o f two woodcock f o r w h i c h t h i s was suspected gave 
a mean r e c o v e r y d i s t a n c e o f 786+417m (+sd, maximum=1390m, 
n=15) . The e s t i m a t e s o f t h e maximum d i s t a n c e l i k e l y t o be 
f l o w n by woodcock a t n i g h t on t h e b a s i s o f t h e r a d i o t r a c k i n g 
s t u d y by H i r o n s & B i c k f o r d - S m i t h (1983) (1370m) and t h e 
r i n g e d woodcock t h a t were shot (13 90m) were t h e n s i m i l a r . 
For t h e purpose o f t h i s i n v e s t i g a t i o n , t h e s t u d y area was 
t h e r e f o r e d e f i n e d as t h e area e n c l o s e d by a 1370m wide s t r i p 
o f l a n d s u r r o u n d i n g each o f t h e woods o f i n t e r e s t . 
The s t u d y area ( e x c l u d i n g roads and b u i l d i n g s ) d e f i n e d 
i n t h i s manner on t h e b a s i s o f t h e woods d r i v e n d u r i n g t h e 
shoot on t h e main area a t L a n a r t h was 12.27km 2 i n 1990/91 
and 1992/93 and 11.82km 2 i n 1991/92. The s m a l l d i f f e r e n c e 
was because one o f t h e woods t h a t was d r i v e n was d i f f e r e n t 
i n 1991/92. Woodland comprised a p p r o x i m a t e l y 10% o f each 
area, f i e l d s 70% and moorland 20%. The e s t i m a t e s o f woodcock 
d e n s i t y f o r each w i n t e r and t h e v a l u e s o f t h e parameters 
used i n t h e c a l c u l a t i o n s are g i v e n i n Table 3.4. 
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Table 3.4 Woodcock d e n s i t i e s ( b i r d s / k m 2 grass f i e l d s ) 
e s t i m a t e d f r o m t h e shoot a t L a n a r t h (main area) i n 1990/91-
1992/93 and v a l u e s o f t h e parameters used i n t h e 
c a l c u l a t i o n s . 
1990/91 1991/92 1992/93 
Number o f woodcock f l u s h e d 
d u r i n g t h e shoot, n 
159 137 66 
Number o f woodcock s h o t , s 91 75 37 
Number o f woodcock r i n g e d 
p r i o r t o t h e shoot, R 
20 54 11 
Number o f r i n g e d b i r d s 
r e c o v e r e d , r 
3 7 1 
T o t a l woodland (km 2) 
i n t h e s t u d y area, W 
1 . 24 1 . 19 1. 24 
Woodland d r i v e n (km 2) 
d u r i n g t h e shoot, w 
0.49 0 . 51 0 .49 
Area o f g r a s s f i e l d s (km 2) 
i n t h e s t u d y area, p 
8 . 59 8 .19 8 . 59 
Method 1: Corrected number 
of woodcock fl u s h e d 
E s t i m a t e d number o f woodcock 
i n t h e s t u d y area 
374 297 155 
D e n s i t y o f woodcock on grass 
f i e l d s a t n i g h t ( b i r d s / k m 2 ) 
44 36 18 
Method 2: L i n c o l n index 
E s t i m a t e d number o f woodcock 







D e n s i t y o f woodcock on grass 







The h a r v e s t r a t e (= t h e p r o p o r t i o n o f t h e woodcock 
p r e s e n t i n t h e woods t h a t were d r i v e n t h a t was sh o t ) was 
s i m i l a r each ye a r ; 1990/91 6 1 %, 1991/92 59% and 1992/93 6 1 % . 
The two shoot methods produced d i f f e r e n t d e n s i t y e s t i m a t e s 
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i n a l l t h r e e y e a r s s u g g e s t i n g t h a t some i m m i g r a t i o n o r 
e m i g r a t i o n o c c u r r e d , p a r t i c u l a r l y i n t h e second y e a r , 
v i o l a t i n g t h e assumptions o f t h e second method ( L i n c o l n 
i n d e x ) . When compared w i t h t h e mean d e n s i t i e s c a l c u l a t e d 
from spot-lamp c o u n t s , t h e r e was b e t t e r agreement w i t h t h e 
d e n s i t i e s c a l c u l a t e d by t h e f i r s t shoot method ( c o r r e c t e d 
number o f woodcock f l u s h e d ) (Table 3.5) . T h i s was expec t e d 
because t h e second shoot method ( L i n c o l n i n d e x ) was 
dependent on t h e p r o p o r t i o n o f r i n g e d woodcock shot and 
s i n c e o n l y s m a l l numbers o f b i r d s were r i n g e d each y e a r , t h e 
f i g u r e f o r t h e p r o p o r t i o n shot was r e l a t i v e l y i n a c c u r a t e . 
T h i s e x p l a i n s t h e l a r g e s t a n d a r d e r r o r s o f t h e e s t i m a t e s o f 
the number o f woodcock i n the s t u d y area from t h e second 
shoot method (Table 3.4). 
3.4.5 Evidence f o r immigration and emigration 
The f a c t t h a t t h e d e n s i t y e s t i m a t e d e r i v e d by t h e 
second shoot method i n 1991/92 was so h i g h i m p l i e d t h a t t h e 
assumption o f no i m m i g r a t i o n o r e m i g r a t i o n was v i o l a t e d . The 
number o f r i n g e d woodcock r e c o v e r e d d u r i n g t h e shoot was 
lower t h a n expected i n a l l t h r e e y e a r s (1990/91 t h r e e 
compared w i t h f i v e , 1991/92 seven compared w i t h 14, 1992/93 
one compared w i t h t h r e e ) . Comparison o f t h e d e n s i t y e s t i m a t e 
from t h e f i r s t shoot method w i t h t h a t from t h e spot-lamp 
method i n 1991 suggested t h a t woodcock a r r i v e d on t h e L i z a r d 
P e n i n s u l a between mid-December, when spot-lamp c o u n t i n g 
f i n i s h e d , and t h e shoot day (30 December) . E x a m i n a t i o n o f 
the spot-lamp d a t a f o r November and December 19 91 suggested 
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t h a t a s i m i l a r a r r i v a l o f woodcock o c c u r r e d d u r i n g 
4-6 December (Table 3.6). 
Table 3.5 Comparison o f woodcock d e n s i t y e s t i m a t e s 
( b i r d s / k m 2 grass f i e l d s ) f o r L a n a r t h (main area) f r o m s p o t -
lamp co u n t s and shoots d u r i n g 1990/91-1992/93. 
1990/91 1991/92 1992/93 
Method D e n s i t y Spot- D e n s i t y Spot- D e n s i t y Spot-
( b i r d s / lamp ( b i r d s / lamp ( b i r d s / lamp 
km 2) d e n s i t y km 2) d e n s i t y km 2) d e n s i t y 
as % o f as % o f as % o f 
shoot shoot shoot 
d e n s i t y d e n s i t y d e n s i t y 
Spot-lamp, 
December d a t a 48 30 16 
Shoot 
method 1: 
C o r r e c t e d 
number o f 44 110% 36 82% 18 90% 
woodcock 
f l u s h e d 
Shoot 
method 2: 
L i n c o l n 54 89% 63 47% 24 67% 
i n d e x 
E m i g r a t i o n o f r i n g e d woodcock would a l s o have l e d t o 
t h e h i g h d e n s i t y e s t i m a t e o f t h e second shoot method and 
c o n f i r m a t i o n t h a t e m i g r a t i o n t o o k p l a c e was i n d i c a t e d by 
r i n g r e c o v e r i e s f r o m o u t s i d e t h e s t u d y area. Three o f t h e 
woodcock r i n g e d a t L a n a r t h i n November and December 1991 
were shot i n e a r l y January 1992 on a f a r m about 8km 
south-west and one b i r d ( f i r s t - y e a r , sex unknown) r i n g e d on 
15 November 1991 was sho t i n S Wales on 26 December 1991. 
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Table 3.6 Temporal change i n woodcock d e n s i t y ( b i r d s / k m 2 
g r a s s f i e l d s ) on t h e b a s i s of spot-lamp counts and t h e 
e s t i m a t e d number o f woodcock i n t h e s t u d y area a t L a n a r t h 
(main area) d u r i n g November 1991 t o February 1992. 
Shoot day, 
6-11 Nov. 30 Nov. 6-9 Dec. 10-12 Dec. 30 Dec. 1-7 Feb, 
-4 Dec. 
Be f o r e A f t e r 
shoot shoot 
Woodcock d e n s i t y ( b i r d s / k m 2 grass f i e l d s ±se) 
20 21 32 33 43 34 16 
±3.7 ±6.6 ±2.1 ±1.7 ±2.4 
Woodcock i n s t u d y area (assuming 100% spot-lamp e f f i c i e n c y ) 
161 174 260 266 355 280 134 
The e f f i c i e n c y o f t h e spot-lamp counts ( i . e . t h e 
p r o p o r t i o n o f t h e woodcock p r e s e n t on f i e l d s t h a t were seen) 
was n o t known b u t t h e woodcock d e n s i t i e s e s t i m a t e d by t h e 
spot-lamp method and t h e f i r s t shoot method were i n 
approximate agreement. Assuming t h e counts were 100% 
e f f i c i e n t , t h e number o f woodcock i n t h e s t u d y area a t 
L a n a r t h d u r i n g each count p e r i o d was c a l c u l a t e d (Table 3.6). 
I t was t h u s e s t i m a t e d t h a t t h e r e was a net g a i n o f 194 
woodcock between 11 November and t h e shoot day on 3 0 
December. By assuming t h a t t h e woodcock r i n g e d d u r i n g t h i s 
p e r i o d had an equal chance of b e i n g r e c o v e r e d o u t s i d e t h e 
s t u d y area as w i t h i n i t , t h e p r o p o r t i o n o f woodcock l e a v i n g 
t h e area was e s t i m a t e d from t h e p r o p o r t i o n o f r e c o v e r i e s 
o u t s i d e (4/11 = 3 6 % ) . I t was t h e r e f o r e c o n c l u d e d t h a t o f t h e 
161 woodcock p r e s e n t i n e a r l y November, 58 were l i k e l y t o 
have l e f t t h e s t u d y area b e f o r e 3 0 December and hence t h e r e 
must have been a t o t a l i n f l u x o f 252 woodcock t o produce t h e 
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net g a i n o f 194 b i r d s . I n o t h e r words, a p p r o x i m a t e l y f o u r 
woodcock a r r i v e d on t h e L i z a r d P e n i n s u l a f o r e v e r y one t h a t 
l e f t d u r i n g November and December. I t was n o t p o s s i b l e t o 
dete r m i n e whether woodcock c o n t i n u e d t o a r r i v e i n t h e area 
d u r i n g January, b u t t h e r e was a n e t l o s s o f 146 b i r d s , 
s u g g e s t i n g t h a t by t h i s t i m e t h e balance had s w i t c h e d t o 
e m i g r a t i o n . 
Comparison o f woodcock d e n s i t i e s from spot-lamp counts 
and from t h e shoots ( a c c o r d i n g t o t h e f i r s t shoot method) a t 
L a n a r t h d u r i n g each o f t h e l a s t f i v e w i n t e r s , suggests t h a t 
t h e p a t t e r n o f i m m i g r a t i o n and e m i g r a t i o n m i g h t n o t have 
been t h e same each y e a r ( F i g u r e 3.3) . There may have been 
net i m m i g r a t i o n a t L a n a r t h i n l a t e December i n 1988 and 
1991, and n e t e m i g r a t i o n i n 1989, f o l l o w i n g an e x c e p t i o n a l l y 
h i g h d e n s i t y o f woodcock (71+20 b i r d s / k m 2 +se) i n e a r l y 
December. However, as i t was n o t p o s s i b l e t o c a l c u l a t e t h e 
e r r o r a s s o c i a t e d w i t h t h e d e n s i t y e s t i m a t e d from t h e number 
o f woodcock f l u s h e d , i t i s p o s s i b l e t h a t t h e r e s u l t s a r e 
c o n s i s t e n t w i t h a n u l l h y p o t h e s i s o f no movement by woodcock 
t h r o u g h t h e area and l a r g e e r r o r s o f d e n s i t y e s t i m a t i o n . 
3.4.6 Wintering s i t e f i d e l i t y 
D u r i n g t h e w i n t e r s 1978/79-1980/81 and 1986/87-1992/93 
a t o t a l o f 276 woodcock were r i n g e d a t L a n a r t h and 
T r e l o w a r r e n i n C o r n w a l l and 29 (10.5%) were r e c o v e r e d on 
these e s t a t e s i n subsequent w i n t e r s (Appendix 3.2). The 
c o n s t a n t annual a d u l t s u r v i v a l r a t e f o r t h e woodcock t h a t 
r e t u r n e d t o C o r n w a l l was 0.38±0.10 (±se), and a 
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F i g u r e 3=3 Comparison of the estimated woodcock d e n s i t i e s 
from spot-lamp counts and the number of woodcock f l u s h e d on 
the main day shoot a t Lanarth f o r 1988/89-1992/93. ( E r r o r 
bars are + l s e ) . 
Woodcock 
d e n s i t y 
(biids/km2 
p a s t u r e ) 
100 — i 
1988 
Spot-lamp counts 





g o o d n e s s - o f - f i t t e s t suggested t h a t t h e Haldane model 
p r o v i d e d a reasonable f i t t o t h e d a t a (X 2=0.11, d f = 2 , N.S.). 
Of t h e woodcock r i n g e d t h r o u g h o u t B r i t a i n and I r e l a n d 
i n w i n t e r ( O c t o b e r - F e b r u a r y ) , 105 were r e c o v e r e d i n 
subsequent y e a r s . A g o o d n e s s - o f - f i t t e s t suggested t h a t t h e 
Haldane model p r o v i d e d a r e a s o n a b l e f i t t o t h e s e d a t a 
(X 2=7.70, d f = 4 , N.S.; Appendix 3.2) and t h e c o n s t a n t annual 
a d u l t s u r v i v a l r a t e f o r t h e n a t i o n a l r i n g r e c o v e r i e s was 
e s t i m a t e d as 0.55±0.04 (±se) . The annual s u r v i v a l r a t e 
e s t i m a t e from C o r n w a l l was l o w e r t h a n t h i s , b u t n o t 
s i g n i f i c a n t l y d i f f e r e n t (d=1.62, N.S.). The n o n - s i g n i f i c a n t 
r e s u l t i s p r o b a b l y due t o t h e s m a l l number o f r e c o v e r i e s i n 
t h e C o r n i s h sample. I t i s n o n e t h e l e s s c l e a r t h a t t h e 
woodcock a t L a n a r t h and T r e l o w a r r e n e x h i b i t e d r e l a t i v e l y 
h i g h w i n t e r i n g s i t e f i d e l i t y as t h e r a t i o o f t h e two 
s u r v i v a l r a t e s ( t h e n a t i o n a l one measuring s u r v i v a l o n l y and 
t h e C o r n i s h one measuring s u r v i v a l and w i n t e r s i t e f i d e l i t y ) 
i s 0.69. Evidence t h a t w i n t e r i n g s i t e f i d e l i t y was n o t 100% 
comes f r o m t h r e e w i n t e r r e c o v e r i e s i n France and one i n 
L i n c o l n s h i r e o f woodcock r i n g e d on t h e L i z a r d P e n i n s u l a . The 
t h r e e b i r d s shot i n France were r e c o v e r e d on 10 F e b r u a r y 
1980 ( r i n g e d as a f i r s t - y e a r 21 January 1979) , on 
12 December 1988 ( r i n g e d as an a d u l t on 14 January 1988), 
and on 15 November 1989 ( r i n g e d as a f i r s t - y e a r on 
2 December 1988) . The b i r d shot i n L i n c o l n s h i r e was r i n g e d 
as a f i r s t - y e a r on 2 February 1980 and r e c o v e r e d on 
25 December 1980. The dates o f these r e c o v e r i e s suggest t h a t 
these woodcock were n o t k i l l e d on m i g r a t i o n . 
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3.4.7 Age and sex r a t i o s among woodcock w i n t e r i n g on the 
L i z a r d P e n i n s u l a , Cornwall 
The woodcock p o p u l a t i o n w i n t e r i n g on t h e L i z a r d 
P e n i n s u l a e x h i b i t e d an unusual age and sex s t r u c t u r e . D u r i n g 
1988/89-1991/92 t h e percentage o f f i r s t - y e a r b i r d s among 
those s h o t ranged from 72%-79% a t L a n a r t h (n=114, 148) and 
from 62%-65% a t T r e l o w a r r e n (n=16, 57) . These age r a t i o s 
were c o n f i r m e d by t h e percentage o f f i r s t - y e a r b i r d s among 
those r i n g e d ; f o r example 76% i n 1990/91 (n=24) and 75% i n 
1991/92 (n=86) a t L a n a r t h . The sex r a t i o among a d u l t 
woodcock on t h e L i z a r d P e n i n s u l a was such t h a t t h e r e was a 
s i g n i f i c a n t l y h i g h e r p r o p o r t i o n o f females (Table 3.7). 
A p l o t o f t h e t a i l : b i l l r a t i o f o r 64 a d u l t woodcock 
measured a l i v e a g a i n s t t h e c u m u l a t i v e percentage o f t h e 
number o f b i r d s , u s i n g p r o b a b i l i t y paper, gave an i n f l e x i o n 
p o i n t a t 74%, s u g g e s t i n g t h a t 74% o f t h e a d u l t woodcock 
caught on t h e L i z a r d P e n i n s u l a were females. There was no 
s i g n i f i c a n t d i f f e r e n c e i n t h e p r o p o r t i o n s o f males and 
females among t h e f i r s t - y e a r b i r d s , a l t h o u g h t h e r e were more 
males (Table 3.7). A p o i n t o f i n f l e x i o n was o b t a i n e d a t 35% 
i n a p l o t o f t a i l : b i l l r a t i o a g a i n s t t h e c u m u l a t i v e 
p e r c e n t a g e o f t h e number o f b i r d s f o r 149 f i r s t - y e a r 
woodcock, i m p l y i n g t h a t o n l y 35% o f t h e f i r s t - y e a r woodcock 
caught on t h e L i z a r d P e n i n s u l a were females. I t was n o t 
p o s s i b l e t o de t e r m i n e whether a s i m i l a r sex r a t i o was 
m a i n t a i n e d f r o m y e a r t o year due t o t h e r e l a t i v e l y s m a l l 
numbers o f woodcock r i n g e d each y e a r . 
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Table 3.7 Sex r a t i o among t h e woodcock w i n t e r i n g on t h e 
L i z a r d P e n i n s u l a , C o r n w a l l d u r i n g 1987/88-1992/93. 
Method o f sex A d u l t s F i r s t - y e a r s 
d e t e r m i n a t i o n 
Male Female Male Female 
D i s s e c t i o n o f 
shot b i r d s 3 10 3 4 
Measurement o f 
l i v e b i r d s 14 24 23 11 
T o t a l 17 34 26 15 
(33%) (67%) (63%) (37%) 
X 2 goodness- X 2=5.67, X 2=2.95, 
o f - f i t t e s t d f = l , p<0.05 d f = l , N.S. 
3.4.8 Woodcock shooting i n the United Kingdom 
Data from t h e N a t i o n a l Game Census f o r t h e p e r i o d 
1988/89-1992/93 r e v e a l e d t h a t 73% o f shoots k i l l e d woodcock 
but t h a t o n l y 6% k i l l e d more t h a n f i v e b i r d s / k m 2 p e r annum 
( F i g u r e 3.4) . There was some r e g i o n a l v a r i a t i o n i n t h e 
p r o p o r t i o n o f shoots k i l l i n g woodcock, w i t h t h e h i g h e s t 
p r o p o r t i o n s i n Wales (100%) and SW England (90%) and t h e 
l o w e s t i n N England (69%) and S c o t l a n d (59%) (Table 3 . 8 ) . 
V i r t u a l l y a l l t h e shoots i n c e n t r a l and S England and Wales 
k i l l e d pheasants, and NW England and W S c o t l a n d were t h e 
o n l y r e g i o n s where t h e p r o p o r t i o n o f shoots k i l l i n g woodcock 
was g r e a t e r t h a n t h e p r o p o r t i o n k i l l i n g pheasants. 
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F i g u r e 3=4 The d i s t r i b u t i o n of the s i z e of annual woodcock 
bags i n B r i t a i n , based oh the mean annual bag per shoot 
during 1988/89-1992/93 (mean number of shoots=465)„ 
P e r c e n t of 
a n n u a l bag 





Table 3.8 R e g i o n a l d i f f e r e n c e s i n th e p r o p o r t i o n o f shoots 
k i l l i n g woodcock and pheasants, f i v e year mean 1988/89-
1992/93. 
Region Mean number Mean Mean 
of shoots p r o p o r t i o n p r o p o r t i o n 
p e r year k i l l i n g k i l l i n g 
woodcock pheasants 
1 SW England 31 90% 99% 
2 S England 60 77% 99% 
3 E A n g l i a 73 76% 100% 
4 E Mi d l a n d s 27 82% 99% 
5 W Mi d l a n d s 25 76% 98% 
6 Wales 9 100% 100% 
7 NW England 28 66% 61 % 
8 NE England 57 72% 80% 
9 E S c o t l a n d 77 62% 69% 
10 W S c o t l a n d 59 56% 49% 
The h i g h e s t mean annual woodcock bags were shot i n 
SW England and E A n g l i a , where t h e y were a p p r o x i m a t e l y t w i c e 
t h e s i z e o f those t a k e n t h r o u g h o u t t h e r e s t o f England and 
Wales and seven t o t e n ti m e s g r e a t e r t h a n those i n S c o t l a n d 
(Table 3 .9). The l a r g e s t numbers o f pheasants k i l l e d p e r 
woodcock were i n c e n t r a l and S England. C a l c u l a t i o n o f t h e 
mean annual woodcock bag f o r 1988/89-1992/93 by c o u n t y 
r e v e a l e d t h a t t h e l a r g e s t numbers o f woodcock k i l l e d each 
ye a r were i n C o r n w a l l , t h e I s l e o f Wight, Powys, Dyfed, 
Humberside and C l e v e l a n d ( F i g u r e 3.5). 
Data f r o m t h e shoots surveyed i n December 1992, where 
t h e numbers o f woodcock f l u s h e d were counted, r e v e a l e d l a r g e 
d i f f e r e n c e s i n t h e h a r v e s t r a t e s between t h e i n d i v i d u a l 
s h o ots i n each r e g i o n (as shown p a r t i c u l a r l y by t h e s t a n d a r d 
d e v i a t i o n s f o r S England and Y o r k s h i r e , Table 3.10) . A one-
way ANOVA on t h e a r c s i n - t r a n s f o r m e d p e r c e n t a g e s was n o t 
s i g n i f i c a n t (F=2.62, df=4,29, N.S.) and t h e o n l y s i g n i f i c a n t 
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F i g u r e 3.5 The mean annual woodcock bag per county during 
1988/89=1992/93. 
Woodcock 
k i l l e d / k m 2 





Table 3.9 R e g i o n a l d i f f e r e n c e s i n t h e annual woodcock and 
pheasant bags and t h e number of pheasants k i l l e d p e r 
woodcock, f i v e y e a r mean 1988/89 -1992/93. 
Region Mean annual Mean annual Mean number 
woodcock bag pheasant bag of pheasants 
( b i r d s / k m 2 ) ( b i r d s / k m 2 ) k i l l e d p e r 
woodcock 
1 SW England 2 . 21 148 . 3 67 
2 S England 1 . 03 257 .7 250 
3 E A n g l i a 2 . 07 144 . 0 70 
4 E Midlands 1. 08 188 .1 174 
5 W Midlands 1. 03 225 . 7 219 
6 Wales 1.12 165 .1 147 
7 NW England 1.29 71.5 55 
8 NE England 0 . 75 39 . 9 53 
9 E S c o t l a n d 0 .29 24 .5 84 
10 W S c o t l a n d 0 . 22 8 . 8 40 
r e g i o n a l d i f f e r e n c e r e v e a l e d by t h e Duncan m u l t i p l e range 
t e s t was between t h e mean h a r v e s t r a t e s i n C o r n w a l l and i n 
Clwyd and S h r o p s h i r e . E x c l u d i n g L a n a r t h , t h e h a r v e s t r a t e on 
the o t h e r C o r n i s h shoots averaged about 3 5% o f t h e woodcock 
p r e s e n t . L a n a r t h was unique i n terms o f b o t h t h e number o f 
woodcock shot and t h e h a r v e s t r a t e (59%) . However, i t i s 
c l e a r f r o m F i g u r e 3.4 t h a t shoots such as L a n a r t h a r e 
uncommon and c o n t r i b u t e l i t t l e t o t h e annual woodcock bag 
f o r t h e UK, which i s u n d o u b t e d l y comprised m a i n l y o f 
woodcock k i l l e d on pheasant shoots. 
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Table 3.10 R e g i o n a l d i f f e r e n c e s i n t h e mean h a r v e s t r a t e o f 
woodcock on shoots and t h e r a t i o o f pheasants t o woodcock 
k i l l e d ( C o r n w a l l December 1991 and January 1992, o t h e r 
r e g i o n s December 1992). 
Region Number o f Mean h a r v e s t Mean number o f 
shoots r a t e (%) ±sd pheasants k i l l e d 
p e r woodcock 
C o r n w a l l 8 41 ±10.5 5 
S u r r e y , W i l t s h i r e , 
Hampshire & Dorset 
6 20 ±39.9 574 
Clwyd & S h r o p s h i r e 3 3 ± 4.5 143 
Y o r k s h i r e 3 20 ±21.3 29 
S S c o t l a n d 14 13 ±15.3 59 
3.4.9 Trends i n the number of w i n t e r i n g woodcock 
The annual mean woodcock bag f o r t h e UK s i n c e 1961 does 
not show a s i m p l e t r e n d , but has f o u r d i s t i n c t peaks, i n 
1961/62, 1978/79, 1984/85 and 1990/91 ( F i g u r e 3.6). The 
p e r i o d s o f 31 December 1978-1 March 1979 and 3 January 1985-
20 F e b r u a r y 1985 are among those i d e n t i f i e d as " c o l d 
w i n t e r s " by R i d g i l l & Fox (1990) on t h e b a s i s o f f r o z e n 
ground a t more t h a n h a l f o f 13 c o a s t a l weather s t a t i o n s a t 
09.00 GMT. There was a l s o a r e l a t i v e l y c o l d mean December 
a i r t e m p e r a t u r e d u r i n g 1961/62. Comparison o f t h e annual 
mean woodcock bag f o r t h e UK w i t h t h e c o l d e s t o f t h e mean 
mo n t h l y a i r t e m p e r a t u r e s f o r December and January o f each 
y e a r gave a s i g n i f i c a n t n e g a t i v e r e l a t i o n s h i p (r=-0.40, 
df=28, p<0.05; slope=-0.032; F i g u r e 3.7). N e g a t i v e 
r e l a t i o n s h i p s were found i n a l l f i v e o f t h e areas examined 
s e p a r a t e l y ; SW England and Wales (NGC r e g i o n s 1+6), c e n t r a l 
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F i g u r e 3 = 6 The trend i n the annual mean woodcock bag f o r 
1961/62=1992/93 as represented by the National Game Census 
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F i g u r e 3=7 R e l a t i o n s h i p between the annual mean woodcock bag 
f o r the UK and the c o l d e s t of the mean monthly a i r 
temperatures f o r December and January i n c e n t r a l England, 
f o r the w i n t e r s 1961/62-1990/91. 
Mean monthly a i r temperature data taken from Manley (1974) 
and Parker et al. (1991). 
r=-0„40, df=28, p<0„05; slope=-0.032 
Woodcock bag 
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C o l d e s t mean m o n t h l y a i r t e m p e r a t u r e 
f o r December and J a n u a r y 
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and S England (NGC r e g i o n s 2+4+5), E A n g l i a (NGC r e g i o n 3 ) , 
N England (NGC r e g i o n s 7+8) and S c o t l a n d (NGC r e g i o n s 9+10), 
but t h e o n l y s i g n i f i c a n t r e l a t i o n s h i p was f o r t h e annual 
mean woodcock bag i n E A n g l i a (r=-0.44, df=28, p<0.05; 
slope=-0.246). 
The most s t a b l e phase o f t h e UK bag t r e n d o c c u r r e d 
d u r i n g 1963/64-1974/75 where t h e bag averaged about 
0.46 b i r d / k m 2 ( F i g u r e 3.6). The woodcock bag s i n c e 1980 has 
averaged about 0.65 b i r d / k m 2 b u t t h e r e has been a s e r i e s o f 
r e l a t i v e l y c o l d w i n t e r s (1981/82, 1984/85, 1985/86 and 
1986/87) as w e l l as a d r a m a t i c i n c r e a s e i n t h e number o f 
pheasants shot d u r i n g t h i s t i m e . The i n c r e a s e i n pheasant 
s h o o t i n g was such t h a t t h e annual bag a p p r o x i m a t e l y doubled 
between 1980/81 and 1990/91 ( F i g u r e 3.8). There was no 
s i g n i f i c a n t r e l a t i o n s h i p between t h e annual mean pheasant 
bag f o r t h e UK and t h e annual mean woodcock bag f o r t h e UK 
d u r i n g t h e p e r i o d 1961/62-1992/93 (r=0.20, df=30, N.S.; 
sl o p e = 0.003) . There was a l s o no s i g n i f i c a n t c o r r e l a t i o n 
between t h e pheasant bags and t h e woodcock bags f o r a l l t h e 
N a t i o n a l Game Census shoots i n 1968/69 and 1987/88 
(r=0.001, df=926, N.S.). These r e s u l t s suggest t h a t t h e 
i n c r e a s e i n pheasant s h o o t i n g had l i t t l e e f f e c t on t h e t o t a l 
UK woodcock bag ( F i g u r e 3.6) . The woodcock bags f o r 22 
S c o t t i s h shoots where no pheasants were s h o t , w i t h r e c o r d s 
f o r e v e r y year s i n c e 1961/62, showed a s i m i l a r p a t t e r n t o 
the t r e n d f o r t h e UK as a whole, b u t t h e peak i n t h e mean 
bag i n 1978/79 was l e s s pronounced and t h e r e was a 
p r o p o r t i o n a t e l y l a r g e r peak i n t h e mean bag i n 1990/91 
( F i g u r e 3 . 9 ) . 
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F i g u r e 3 = 8 The trend i n the annual mean pheasant bag f o r 
1961/62-1992/93 as represented by the National Game Census 
shoots i n a l l regions. ( E r r o r bars are U s e ) . 
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F i g u r e 3 = 9 The trend i n the annual mean woodcock bag f o r 
1961/62=1992/93 f o r 19 S c o t t i s h shoots k i l l i n g woodcock but 
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The mean annual woodcock bag f o r 19 shoots t h r o u g h o u t 
B r i t a i n w i t h near complete r e c o r d s f o r e v e r y y e a r s i n c e 
1900, y i e l d e d a t r e n d w i t h t h r e e phases ( F i g u r e 3.10) . 
D u r i n g t h e p e r i o d 1906-1914 t h e mean bag was r e l a t i v e l y 
s t a b l e and f l u c t u a t e d around 1.0 b i r d / k m 2 . F o l l o w i n g t h e 
F i r s t W orld War, t h e r e was a g r a d u a l d e c l i n e i n t h e mean bag 
fro m 1.1 b i r d s / k m 2 i n 1924 t o 0.5 b i r d / k m 2 i n 1974, a l t h o u g h 
u n u s u a l l y l a r g e bags were ta k e n d u r i n g t h e h a r d w i n t e r s o f 
1961/62 and 1962/63. Since 1974 t h e s i z e o f t h e mean annual 
woodcock bag has i n c r e a s e d s h a r p l y t o a p p r o x i m a t e l y 
1.3 b i r d s / k m 2 ( w i t h t h e e x c e p t i o n o f 1992) . 
SW England and Wales 
SW England and p r o b a b l y Wales are t h e r e g i o n s w i t h t h e 
h i g h e s t d e n s i t i e s o f w i n t e r i n g woodcock and, n o t 
s u r p r i s i n g l y , t h e annual mean woodcock bags have g e n e r a l l y 
been h i g h e r here t h a n i n any o t h e r r e g i o n , w i t h t h e 
e x c e p t i o n o f E A n g l i a i n c e r t a i n y e a r s . Because r e l a t i v e l y 
few woodcock breed i n SW England and Wales 
(Lewis & Roberts 1993), t h e annual mean bags f r o m these 
r e g i o n s p r o v i d e t h e b e s t i n d i c a t i o n o f changes i n t h e number 
of C o n t i n e n t a l woodcock o v e r w i n t e r i n g i n B r i t a i n from y e a r 
t o y e a r . 
Large numbers o f woodcock were shot d u r i n g t h e c o l d 
w i n t e r o f 1962/63 (mean bag 2.60 b i r d s / k m 2 ) , p r o b a b l y 
because t h e y were c o n c e n t r a t e d i n SW England (Dobinson & 
Ri c h a r d s 1964). The mean woodcock bag f e l l t o 1.25 b i r d s / k m 2 
i n 1963/64 and g r a d u a l l y d e c l i n e d t o 0.75 b i r d s / k m 2 over t h e 
n e x t f o u r y e a r s , b e f o r e s t a r t i n g t o p i c k up a g a i n i n 1968/69 
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F i g u r e 3„1Q The trend i n the annual mean woodcock bag f o r 
shoots throughout B r i t a i n with continuous records (bag 
t o t a l s f o r every year) f o r the period 1900/1=1992/93. 
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F i g u r e 3.11 The trend i n the annual mean woodcock bag f o r 
SW England and Wales (NGC regions 1 and 6) f o r 1961/62-
1992/93. ( E r r o r bars are ±lse). 
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( F i g u r e 3.11). The annual mean bag s l o w l y i n c r e a s e d u n t i l 
1977/78 and t h e r e t h e n f o l l o w e d a p e r i o d o f t e n y e a r s o f 
v e r y l a r g e woodcock bags a v e r a g i n g a p p r o x i m a t e l y 
3.5 b i r d s / k m 2 , a l t h o u g h t h e r e was g r e a t e r v a r i a t i o n between 
i n d i v i d u a l s h o o t s . D u r i n g t h i s p e r i o d t h e r e were two peaks 
i n t h e c o l d e r w i n t e r s o f 1981/82 and 1986/87, i n d i c a t i n g 
t h a t more woodcock th a n u s u a l were s h o t . T h i s m i g h t have 
been because woodcock were c o n c e n t r a t e d i n t h e south-west o r 
because t h e y were more v u l n e r a b l e t o s h o o t i n g i n c o l d 
weather. 
There was a s i g n i f i c a n t c o r r e l a t i o n between t h e annual 
mean pheasant bag and t h e annual mean woodcock bag f o r th e s e 
r e g i o n s d u r i n g 1961/62-1992/93 (r=0.69, df=30, p<0.001). 
T h i s meant t h a t t h e annual mean woodcock bag was h i g h d u r i n g 
t h e 1980s, b u t t h a t i t would a c t u a l l y have f a l l e n s h a r p l y 
d u r i n g 1988/89-1992/93 were i t n o t f o r t h e i n c r e a s e d 
f r e q u e n c y o f pheasant s h o o t i n g ( F i g u r e 3.11). 
C e n t r a l and S England 
The u n c o r r e c t e d woodcock bag t r e n d f o r c e n t r a l and 
S England ( F i g u r e 3.12) was s i m i l a r t o t h a t f o r SW England 
and Wales, and t h e r e was a s i g n i f i c a n t p o s i t i v e c o r r e l a t i o n 
between t h e annual mean woodcock bags f o r t h e two r e g i o n s 
(r=0.70, df=30, p<0.001). The i n c r e a s e i n t h e mean woodcock 
bag i n c e n t r a l and S England d u r i n g t h e c o l d w i n t e r o f 
1962/63 was r e l a t i v e l y s m a l l and t h e subsequent r e c o v e r y was 
r e l a t i v e l y q u i c k compared t o SW England and Wales, t a k i n g 
o n l y t h r e e y e a r s . As f o r SW England and Wales, t h e r e was a 
s u b s t a n t i a l i n c r e a s e i n t h e annual woodcock bag f r o m 1970/71 
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F i g u r e 3 = 12 The trend i n the annual mean woodcock bag f o r 
c e n t r a l and S England (NGC regions 2, 4 and 5) f o r 1961/62-
1992/93., ( E r r o r bars are ±lse). 
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t o 1980/81 (mean bags 0.69 b i r d s / k m 2 and 1.70 b i r d s / k m 2 
r e s p e c t i v e l y ) and t h e n a more g r a d u a l d e c l i n e t o 
0.81 b i r d s / k m 2 i n 1992/93. 
There was a s i g n i f i c a n t c o r r e l a t i o n between t h e annual 
mean pheasant bag and t h e annual mean woodcock bag d u r i n g 
1961/62-1992/93 i n c e n t r a l and S England (r=0.45, df=30, 
p<0.01). However, t h e i n c r e a s e i n t h e annual woodcock bag 
o c c u r r e d b e f o r e t h e l a r g e s t i n c r e a s e i n pheasant s h o o t i n g : 
d u r i n g 1970/71-1980/81 t h e mean pheasant bag i n c r e a s e d by 
28.0 b i r d s / k m 2 , whereas d u r i n g 1980/81-1989/90 i t i n c r e a s e d 
by 88.4 b i r d s / k m 2 . 
E A n g l i a 
The annual woodcock bag t r e n d f o r E A n g l i a i s 
c h a r a c t e r i z e d by peak mean bags i n 1961/62, 1976/77, 
1978/79, 1979/80 and 1983/84 ( F i g u r e 3.13). U n l i k e i n 
SW England and Wales and c e n t r a l and S England, t h e mean bag 
f o r 1961/62 was c o n s i d e r a b l y h i g h e r t h a n t h a t f o r 1962/63. 
The s i z e o f t h e mean bags f o r 1981/82-1992/93 was o n l y 
s l i g h t l y h i g h e r t h a n those f o r 1967/68-1975/76 and t h e t r e n d 
f o r 1986/87-1992/93 was one o f a g r a d u a l i n c r e a s e , compared 
t o t h e t r e n d s f o r SW England and Wales and c e n t r a l and 
S England f o r these y e a r s , which showed d e c l i n e s . 
There was no s i g n i f i c a n t c o r r e l a t i o n between t h e annual 
mean pheasant and woodcock bags i n E A n g l i a (r=0.26, df=30, 
N.S.) and t h e c o r r e c t i o n t o t h e woodcock bag t r e n d on t h e 
b a s i s o f t h e pheasant bag made a n e g l i g i b l e d i f f e r e n c e . The 
s i g n i f i c a n t n e g a t i v e c o r r e l a t i o n between t h e u n c o r r e c t e d 
annual mean woodcock bag and t h e c o l d e s t o f t h e mean m o n t h l y 
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F i g u r e 3 = 13 The trend i n the annual mean woodcock bag f o r 
E a s t A n g l i a (NGC region 3) f o r 1961/62=1992/93. ( E r r o r bars 
are ±lse). 
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a i r t e m p e r a t u r e s f o r December and January i n E A n g l i a 
(r=-0.44, df=28, p<0.05), suggested t h a t woodcock d i d n o t 
n o r m a l l y l e a v e E A n g l i a a t t h e onset o f c o l d weather as 
expected f r o m Tapper & Hi r o n s (1983) . C e n t r a l and S England 
and SW England and Wales are t h e r e g i o n s l i k e l y t o r e c e i v e 
any woodcock l e a v i n g E A n g l i a i n c o l d w i n t e r s , and t h e mean 
annual woodcock bags f o r E A n g l i a might be expec t e d t o be 
n e g a t i v e l y c o r r e l a t e d w i t h t h e mean annual bags f o r these 
r e g i o n s . The r e l a t i o n s h i p s between t h e annual mean woodcock 
bags c o r r e c t e d f o r t h e pheasant bag f o r E A n g l i a and c e n t r a l 
and S England (r=0.75, d f = 29, p<0.001) and E A n g l i a and 
SW England and Wales (r=0.45, df=29, p<0.05), however, were 
s i g n i f i c a n t l y p o s i t i v e , a g a i n s u g g e s t i n g t h a t few woodcock 
l e f t E A n g l i a i n c o l d weather. 
N England and Scotland 
The u n c o r r e c t e d woodcock bag t r e n d s f o r N England and 
S c o t l a n d ( F i g u r e s 3.14 and 3.15) were v e r y s i m i l a r , w i t h a 
s t a b l e phase from 1961/62-1974/75 and peak bags i n 1976/77, 
1978/79, 1984/85 and 1990/91. The c o r r e l a t i o n between t h e 
two t r e n d s was s i g n i f i c a n t ( r = 0 . 8 1 , df=30, p<0.001), b u t 
t h e y were q u i t e d i f f e r e n t from t h e t h r e e p r e v i o u s bag t r e n d s 
f o r S England and Wales. The annual mean woodcock bags f o r 
N England and S c o t l a n d s h o u l d p r o v i d e a b e t t e r i n d i c a t i o n o f 
the s t a t e o f t h e B r i t i s h b r e e d i n g woodcock p o p u l a t i o n , 
because t h e r e l a t i v e number o f f o r e i g n t o B r i t i s h woodcock 
w i n t e r i n g i n these r e g i o n s i s much lo w e r (Chapter 2) . The 
mean woodcock bags f o r t h e c o l d w i n t e r o f 1962/63 were 
l i t t l e d i f f e r e n t from those i n o t h e r y e a r s , presumably 
94 
F i g u r e 3.14 The trend i n the annual mean woodcock bag f o r 
N England (NGC regions 7 and 8) f o r 1961/62-1992/93. ( E r r o r 
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F i g u r e 3 = 15 The trend i n the annual mean woodcock bag f o r 
Scotland (NGC regions 9 and 10) f o r 1961/62-1992/93. ( E r r o r 
bars are ±lse). 
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b e c a u s e t h e r e were not the c o n c e n t r a t i o n s of woodcock 
( p r o b a b l y m a i n l y C o n t i n e n t a l b i r d s ) t h a t were s e e n i n p a r t s 
of S E n g l a n d . The v e r y h i g h mean woodcock bags i n N E n g l a n d 
and i n S c o t l a n d i n 1990/91 p r o b a b l y r e f l e c t a good b r e e d i n g 
s e a s o n : t h e woodcock a t W h i t w e l l Wood, D e r b y s h i r e c e r t a i n l y 
r e a r e d more young t h a n a v e r a g e d u r i n g 1990 ( C h a p t e r 6 ) . 
P h e a s a n t s h o o t i n g a p p e a r s t o have had a g r e a t e r 
i n f l u e n c e on t h e s i z e of t h e mean a n n u a l woodcock bags i n 
N E n g l a n d and S c o t l a n d t h a n i n S England, p r e s u m a b l y b e c a u s e 
r e l a t i v e l y few p h e a s a n t s were s h o t p e r woodcock i n t h e s e 
r e g i o n s p r i o r t o t h e main i n c r e a s e i n p h e a s a n t s h o o t i n g 
d u r i n g t h e 1980s. The c o r r e l a t i o n s between t h e a n n u a l mean 
p h e a s a n t and woodcock bags were 0.87 (df = 30, p<0.001) f o r 
N E n g l a n d and 0.65 (df=30, p<0.001) f o r S c o t l a n d . The mean 
p h e a s a n t bag i n bo t h N E n g l a n d and S c o t l a n d r e m a i n e d f a i r l y 
s t a b l e d u r i n g 1961/62-1974/75 but i n c r e a s e d r a p i d l y d u r i n g 
1975/76-1990/91 from 15.8 b i r d s / k m 2 t o 54.4 b i r d s / k m 2 i n 
N E n g l a n d and from 4.5 b i r d s / k m 2 t o 17.3 b i r d s / k m 2 i n 
S c o t l a n d . The i n d i c a t i o n from t h e woodcock bag t r e n d s 
c o r r e c t e d f o r t h e mean p h e a s a n t bags i s t h a t t h e r e was no 
i n c r e a s e i n t h e s i z e of t h e w i n t e r i n g woodcock p o p u l a t i o n s 
i n N E n g l a n d o r S c o t l a n d d u r i n g t h e 1980s. The c o r r e c t e d 
t r e n d f o r N E n g l a n d s u g g e s t s a r e l a t i v e l y s t a b l e w i n t e r i n g 
p o p u l a t i o n s i n c e t h e e a r l y 1960s, w h i l s t t h a t f o r S c o t l a n d 
i m p l i e s t h a t t h e r e has been a s h a r p d e c l i n e i n w i n t e r i n g 
woodcock s i n c e 1980. 
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3.5 DISCUSSION 
Spot-lamp c o u n t i n g proved t o be a r e l i a b l e method f o r 
a s s e s s i n g woodcock d e n s i t y i n w i n t e r and s h o u l d be o f 
p a r t i c u l a r v a l u e f o r m o n i t o r i n g woodcock numbers i n a r e a s 
where no s h o o t i n g t a k e s p l a c e and i n f o r m a t i o n cannot be 
g a i n e d from bag r e c o r d s . The L i z a r d P e n i n s u l a c l e a r l y 
s u p p o r t e d h i g h d e n s i t i e s of w i n t e r i n g woodcock and t h e m i l d 
c l i m a t e and predominance of g r a s s f i e l d s p r o b a b l y 
c o n t r i b u t e d t o making the a r e a a t t r a c t i v e f o r woodcock. The 
spot-lamp c o u n t s i n C o r n w a l l , W i l t s h i r e , D e r b y s h i r e and 
Co. Durham s u g g e s t e d t h a t woodcock d e n s i t i e s were g e n e r a l l y 
l o w e r i n c e n t r a l and N E n g l a n d i n most y e a r s compared w i t h 
S E n g l a n d and h i g h l i g h t e d the s c a l e of t h e d i f f e r e n c e i n 
w i n t e r between m i l d w e s t e r n r e g i o n s s u c h a s C o r n w a l l , where 
no woodcock b r e e d ( L e w i s & R o b e r t s 1993) , and t h e main 
b r e e d i n g a r e a s i n N E n g l a n d and S c o t l a n d . The low d e n s i t i e s 
of woodcock i n D e r b y s h i r e were p r o b a b l y p a r t l y due t o t h e 
v e r y low p r o p o r t i o n of g r a s s f i e l d s i n t h e a r e a ( C h a p t e r 4 ) . 
The number of woodcock w i n t e r i n g i n B r i t a i n e a c h y e a r 
i s c l e a r l y dependent on the s i z e of t h e a n n u a l i n f l u x of 
b i r d s from F e n n o s c a n d i a and R u s s i a , w h i c h i s e s t i m a t e d t o 
make up about 84-91% of t h e w i n t e r i n g p o p u l a t i o n 
( C h a p t e r 1 ) . Annual d i f f e r e n c e s i n t h e number o f C o n t i n e n t a l 
woodcock a r r i v i n g w i l l be most n o t i c e a b l e i n S Wales and 
SW E n g l a n d where few woodcock b r e e d . The i n c r e a s e d numbers 
i n C o r n w a l l d u r i n g 1989/90 s u g g e s t t h a t 1989 was a good 
b r e e d i n g s e a s o n on t h e C o n t i n e n t and t h a t t h e i n f l u x of 
m i g r a n t woodcock was l a r g e r t h a n u s u a l . 
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I n c e r t a i n c i r c u m s t a n c e s , shoot d a t a c a n c l e a r l y 
p r o v i d e a u s e f u l i n d i c a t i o n of woodcock numbers i n a g i v e n 
a r e a . F o r i n s t a n c e , t h e f a c t t h a t t h e s h o o t s i n C o r n w a l l 
were c o n d u c t e d i n a s i m i l a r manner e a c h y e a r and t h a t t h e 
h a r v e s t r a t e s were s i m i l a r from y e a r t o y e a r , meant t h a t t h e 
woodcock bag was a d i r e c t r e f l e c t i o n of t h e woodcock d e n s i t y 
a t t h e time of e a c h s h o o t . C a r e i s o b v i o u s l y needed when 
comparing woodcock d e n s i t i e s c a l c u l a t e d from s h o o t s i n 
d i f f e r e n t p a r t s of t he c o u n t r y b e c a u s e t h e h a r v e s t r a t e i s 
l i k e l y t o d i f f e r between a r e a s , s u c h t h a t bag r e c o r d s may 
g i v e a m i s l e a d i n g i m p r e s s i o n of r e l a t i v e d e n s i t y . 
W i l s o n (1983) c o n c l u d e d t h a t w i n t e r i n g s i t e f i d e l i t y 
was r e l a t i v e l y h i g h among woodcock i n I r e l a n d b e c a u s e 14% o f 
t h e b i r d s r i n g e d a t f o u r s i t e s r e t u r n e d i n s u b s e q u e n t 
w i n t e r s . However i t i s not p o s s i b l e t o e s t i m a t e a s u r v i v a l 
r a t e o r t h e p r o p o r t i o n of t he woodcock a l i v e t h a t r e t u r n e d 
t o I r e l a n d from t h i s f i g u r e . I n t h e p r e s e n t s t u d y i t was 
e s t i m a t e d t h a t 69% of the woodcock a l i v e e a c h w i n t e r 
r e t u r n e d t o t h e L i z a r d P e n i n s u l a . I t has p r e v i o u s l y been 
assumed t h a t t h e woodcock p o p u l a t i o n w i n t e r i n g on t h e L i z a r d 
P e n i n s u l a , C o r n w a l l i s r e l a t i v e l y s t a b l e , w i t h few b i r d s 
a r r i v i n g o r l e a v i n g between mid-November and m i d - F e b r u a r y 
( H i r o n s & B i c k f o r d - S m i t h 1983, H i r o n s & L i n s l e y 1 9 8 9 ) . 
However, e v i d e n c e from t h i s s t u d y i n d i c a t e d t h a t , i n some 
y e a r s a t l e a s t , b o t h i m m i g r a t i o n and e m i g r a t i o n took p l a c e 
d u r i n g December. These were not j u s t l o c a l movements, 
b e c a u s e one of t h e woodcock t h a t l e f t L a n a r t h i n m i d - w i n t e r 
moved 139km n o r t h - e a s t t o S Wales. T h i s b i r d was i n i t s 
f i r s t y e a r , a s were t h r e e of t h e f o u r b i r d s t h a t were 
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r e c o v e r e d a t d i f f e r e n t w i n t e r i n g s i t e s i n s u b s e q u e n t y e a r s 
( s e c t i o n 3 . 4 . 6 ) . O n l y two of t h e s e b i r d s c o u l d be s e x e d w i t h 
c e r t a i n t y , but both were males. A l t h o u g h c u r r e n t l y b a s e d on 
v e r y l i t t l e e v i d e n c e , t h e r e i s a s u g g e s t i o n t h a t t h e 
d i f f e r e n t age and s e x groups amongst t h e woodcock on t h e 
L i z a r d P e n i n s u l a were b e h a v i n g d i f f e r e n t l y , w i t h most of t h e 
woodcock p a s s i n g t h r o u g h b e i n g f i r s t - y e a r m a l e s . T h i s was a s 
e x p e c t e d , g i v e n t h a t t h e r e was a h i g h p r o p o r t i o n o f 
f i r s t - y e a r b i r d s on the L i z a r d P e n i n s u l a (about 70%) and 
t h a t a l a r g e r p r o p o r t i o n t h a n e x p e c t e d were males 
(about 6 5 % ) . 
T h e r e were no a d d i t i o n a l r i n g i n g r e c o v e r i e s from t h e 
n a t i o n a l d a t a s e t of woodcock r i n g e d i n SW E n g l a n d i n t h e i r 
f i r s t w i n t e r ( O c t o b e r - F e b r u a r y ) and r e c o v e r e d i n s u b s e q u e n t 
w i n t e r s , t o s u p p o r t the p o s s i b i l i t y of a d i f f e r e n c e i n 
w i n t e r i n g s i t e f i d e l i t y between f i r s t - y e a r and a d u l t 
woodcock. T h e r e were t h r e e r e c o v e r i e s of woodcock r i n g e d i n 
t h e i r f i r s t w i n t e r i n p a r t s of S I r e l a n d where woodcock do 
not b r e e d ( L e w i s & R o b e r t s 1993) and r e c o v e r e d the f o l l o w i n g 
y e a r . One b i r d r i n g e d i n Co. Mayo on 22 J a n u a r y 1975 was 
r e c o v e r e d 13km from t h e p l a c e of r i n g i n g on 19 November 
1976, one b i r d r i n g e d i n Co. C l a r e on 29 F e b r u a r y 1980 was 
r e c o v e r e d i n N Y o r k s h i r e on 27 O c t o b e r 1980, and t h e 
r e m a i n i n g b i r d was r i n g e d i n Co. Mayo on 17 December 1980 
and r e c o v e r e d i n S Y o r k s h i r e on 21 November 1981. T h e s e 
r e c o v e r i e s s u g g e s t t h a t some f i r s t - y e a r woodcock u s e 
d i f f e r e n t w i n t e r i n g s i t e s i n s u b s e q u e n t y e a r s , a l t h o u g h t h e 
time of r e c o v e r y of t h e s e c o n d of t h e s e b i r d s means t h a t i t 
might have been s h o t on m i g r a t i o n back t o I r e l a n d . 
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At p r e s e n t , i t i s not known what c a u s e s d i f f e r e n c e s i n 
the t i m i n g and e x t e n t of i m m i g r a t i o n and e m i g r a t i o n between 
y e a r s . The w e a t h e r i s l i k e l y t o be i m p o r t a n t but the mean 
December a i r t e m p e r a t u r e s i n c e n t r a l E n g l a n d were r e l a t i v e l y 
m i l d d u r i n g 1988/89-1992/93. I t i s p o s s i b l e t h a t even i n 
t h o s e y e a r s when the number of woodcock ap p e a r e d t o r e m a i n 
c o n s t a n t , t h e r e was i n f a c t a movement of i n d i v i d u a l s 
t h r o u g h t h e s t u d y a r e a on t h e L i z a r d P e n i n s u l a . The f a c t 
t h a t t h e r e may be i m m i g r a t i o n and e m i g r a t i o n t h r o u g h o u t t h e 
w i n t e r i n some y e a r s means t h a t spot-lamp c o u n t s c o n d u c t e d 
i n November and F e b r u a r y cannot be u s e d t o e s t i m a t e 
o v e r w i n t e r l o s s . Assuming t h a t t h e s i t u a t i o n w i t h r e g a r d t o 
the movement of C o n t i n e n t a l woodcock d u r i n g t h e w i n t e r i s 
s i m i l a r i n o t h e r p a r t s of S E n g l a n d , where r e s i d e n t b i r d s 
a r e a l s o p r e s e n t , i t i s c l e a r l y i m p o s s i b l e t o a s s e s s t h e 
impact of a s e r i e s of s h o o t s upon t h e r e s i d e n t woodcock i n a 
g i v e n a r e a . 
The a v e r a g e p r o p o r t i o n of f i r s t - y e a r woodcock among t h e 
wings r e c e i v e d from C o r n w a l l i n t h e Woodcock P r o d u c t i o n 
S u r v e y (a s u r v e y of woodcock wings c o l l e c t e d from h u n t e r s 
t h r o ughout B r i t a i n and I r e l a n d by t h e B r i t i s h A s s o c i a t i o n 
f o r S h o o t i n g and C o n s e r v a t i o n ) f o r t h e p e r i o d 1981/82-
1986/87 was 64% ( H a r r a d i n e 1 9 8 8 ) , a f i g u r e s i m i l a r t o t h o s e 
found a t T r e l o w a r r e n and L a n a r t h . T h i s s u r v e y i n c l u d e d w ings 
from L a n a r t h but n e v e r t h e l e s s p r o v i d e d some e v i d e n c e t h a t 
t h e r e was a r e l a t i v e l y h i g h p r o p o r t i o n of f i r s t - y e a r b i r d s 
among t h e woodcock on o t h e r s h o o t s i n C o r n w a l l . Comparison 
of the p r o p o r t i o n s of B r i t i s h woodcock r i n g i n g r e c o v e r i e s 
made by s h o o t i n g d u r i n g t h e f i r s t y e a r and i n l a t e r y e a r s 
s u g g e s t e d t h a t f i r s t - y e a r b i r d s were u n l i k e l y t o be more 
s u s c e p t i b l e t h a n a d u l t s t o b e i n g s h o t ( C h a p t e r 2 ) . Indeed, 
the Woodcock P r o d u c t i o n S u r v e y showed v a r i a t i o n s i n t h e age 
r a t i o amongst samples of woodcock t h a t were s h o t throughout 
the c o u n t r y and i n e a s t e r n E n g l a n d t h e r e was a b i a s towards 
a d u l t s . 
F u r t h e r e v i d e n c e i s r e q u i r e d t o s u p p o r t the f i n d i n g of 
a b i a s e d s e x r a t i o among a d u l t woodcock on t h e L i z a r d 
P e n i n s u l a . N e v e r t h e l e s s , s i n c e t h e w i n t e r i n g woodcock 
p o p u l a t i o n i n C o r n w a l l c o n s i s t s p r e d o m i n a n t l y o f C o n t i n e n t a l 
m i g r a n t s and t h e r e i s a s u g g e s t i o n from t h e o n l y two s p r i n g 
r i n g r e c o v e r i e s t h a t t h e woodcock on the L i z a r d P e n i n s u l a 
o r i g i n a t e from t h e former USSR, i t i s c o n c e i v a b l e t h a t t h e 
predominance of f e m a l e s among t h e a d u l t b i r d s r e s u l t s from 
the s h o o t i n g of r o d i n g males on the b r e e d i n g grounds. 
A l t e r n a t i v e l y , t h e age and s e x b i a s e s on t h e L i z a r d 
P e n i n s u l a may be i n d i c a t i v e o f a d i f f e r e n t i a l m i g r a t i o n 
p a t t e r n s i m i l a r t o t h a t r e c o g n i z e d f o r a number of m i g r a t o r y 
w a t e r f o w l s p e c i e s , s u c h a s t h e pochard, Aythya ferina, and 
the t u f t e d duck, Aythya fuligula (Salomonsen 1 9 6 8 ) . I n t h e s e 
s p e c i e s t h e a d u l t males l e a v e t h e b r e e d i n g grounds b e f o r e 
t h e f e m a l e s and a r r i v e on t h e w i n t e r i n g grounds f i r s t . The 
f e m a l e s and young have t o move f u r t h e r s o u t h t o f i n d 
s u i t a b l e w i n t e r i n g s i t e s . As mentioned p r e v i o u s l y , t h e r e was 
a s u g g e s t i o n t h a t most of t h e woodcock p a s s i n g t h r o u g h t h e 
s t u d y a r e a on the L i z a r d P e n i n s u l a were f i r s t - y e a r b i r d s . 
The o c c u r r e n c e of a h i g h p r o p o r t i o n of f e m a l e s among t h e 
a d u l t woodcock a t L a n a r t h g i v e s some c a u s e f o r c o n c e r n about 
t h e l a r g e woodcock bags k i l l e d t h e r e . 
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The s i z e of t he woodcock bag i n any p a r t i c u l a r y e a r 
a p p e a r s t o depend on t h e w i n t e r t e m p e r a t u r e and t h e number 
of p h e a s a n t s s h o t , t h e r e l a t i v e i m p o r t a n c e of t h e s e f a c t o r s 
v a r y i n g between d i f f e r e n t r e g i o n s of B r i t a i n . The i n c r e a s e 
i n p h e a s a n t s h o o t i n g d u r i n g the 1980s c a u s e d a l a r g e r change 
i n t h e a n n u a l mean woodcock bag i n N E n g l a n d and S c o t l a n d 
t h a n o t h e r p a r t s of B r i t a i n , b e c a u s e r e l a t i v e l y s m a l l 
numbers o f p h e a s a n t s were p r e v i o u s l y s h o t i n t h e s e r e g i o n s . 
I n c e n t r a l and S E n g l a n d and E A n g l i a , t h e a r e a s 
t r a d i t i o n a l l y renowned f o r p h e a s a n t s h o o t i n g , i t i s l i k e l y 
t h a t t h e r e was a p r o p o r t i o n a t e l y s m a l l e r i n c r e a s e i n t h e 
number o f days d e v o t e d t o p h e a s a n t s h o o t i n g d u r i n g t h e 
1980s. The mean woodcock bags i n S c o t l a n d and p a r t s of 
N E n g l a n d were p r o b a b l y r e l a t i v e l y low f o r two r e a s o n s . 
F i r s t l y , g r o u s e s h o o t i n g i s more i m p o r t a n t t h a n p h e a s a n t 
s h o o t i n g i n t h e s e a r e a s and v e r y few woodcock a r e f l u s h e d 
d u r i n g g r o u s e s h o o t s . A l s o , t h e open s e a s o n f o r woodcock 
does not commence u n t i l 1 September i n S c o t l a n d and 
1 O c t o b e r i n E n g l a n d , compared w i t h 12 August f o r r e d g r o u s e 
Lagopus lagopus scoticus and t h e r e a r e no C o n t i n e n t a l 
m i g r a n t s p r e s e n t u n t i l O c t o b e r . The s e c o n d r e a s o n i s t h a t an 
a p p r e c i a b l e p r o p o r t i o n of S c o t t i s h woodcock o v e r w i n t e r i n 
I r e l a n d ( C h a p t e r 2 ) . 
D u r i n g t h e s e v e r e w i n t e r of 1962/63, u n u s u a l l y l a r g e 
numbers o f woodcock were c o n c e n t r a t e d i n the s o u t h and 
w e s t e r n c o u n t i e s of E n g l a n d and Wales (Dobinson & 
R i c h a r d s 1964) . On t h e b a s i s of t h e mean woodcock bags p e r 
c o u n t y d u r i n g a m i l d w i n t e r (1979/80) and a c o l d w i n t e r 
( 1 9 8 0 / 8 1 ) , Tapper & H i r o n s (1983) s u g g e s t e d t h a t t h e r e was a 
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r e d i s t r i b u t i o n of woodcock w i t h i n B r i t a i n d u r i n g c o l d 
w i n t e r s . I f t h i s i s the c a s e , i t p r o b a b l y o n l y i n v o l v e s 
C o n t i n e n t a l m i g r a n t s , as t h e r e i s no e v i d e n c e from r i n g 
r e c o v e r i e s t h a t B r i t i s h woodcock move f u r t h e r from t h e i r 
n a t a l o r b r e e d i n g s i t e s i n c o l d w i n t e r s o r c o l d s p e l l s 
w i t h i n w i n t e r s ( C h a p t e r 2 ) . I t i s p l a u s i b l e t h a t t h e 
r e s i d e n t and t h e m i g r a n t woodcock might f o l l o w d i f f e r e n t 
s t r a t e g i e s i n c o l d weather, b e c a u s e w h i l s t t h e r e s i d e n t 
b i r d s would p r o b a b l y b e n e f i t from r e m a i n i n g i n t he same 
p l a c e due t o f a m i l i a r i t y w i t h t h e s i t e , t h e m i g r a n t b i r d s 
would l o s e l i t t l e by moving a s t h e y would p r o b a b l y be more 
l i k e l y t o e n c o u n t e r u n f r o z e n f e e d i n g a r e a s e l s e w h e r e . T h e r e 
i s no d i r e c t e v i d e n c e t h a t more woodcock a r r i v e i n B r i t a i n 
d u r i n g c o l d w i n t e r s t h a n m i l d ones, but t h e r e i s a 
s u g g e s t i o n of t h i s from i n c r e a s e d numbers of o b s e r v a t i o n s of 
woodcock on the c o a s t i n c o l d w i n t e r s (Dobinson & 
R i c h a r d s 1964, Marchant 1982, Cramp & Simmons 1 9 8 3 ) . T h e r e 
i s some e v i d e n c e t h a t woodcock e x p e r i e n c e i n c r e a s e d 
m o r t a l i t y d u r i n g c o l d s p e l l s (Ash 1964, Dobinson & 
R i c h a r d s 1964, B a i l l i e e t al. 1 9 8 6 ) . Lapwings Vanellus 
vanellus f e e d i n f i e l d s d u r i n g t h e w i n t e r and a r e l i k e l y t o 
e n c o u n t e r t h e same d i f f i c u l t y a s woodcock i n o b t a i n i n g food 
d u r i n g f r e e z i n g c o n d i t i o n s . Peach e t a l . (1994) have shown 
t h a t b o t h t h e a d u l t and f i r s t - y e a r s u r v i v a l r a t e s of 
l a p w i n g s a r e l o w e r i n c o l d w i n t e r s . 
The i n d i c a t i o n from t h e a n n u a l woodcock bag t r e n d f o r 
t h e UK i s t h a t t h e w i n t e r i n g p o p u l a t i o n has r e m a i n e d 
r e l a t i v e l y s t a b l e s i n c e 1961. A l t h o u g h t h e mean woodcock 
bags were l a r g e r d u r i n g t h e 1980s t h i s cannot be t a k e n as an 
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i n d i c a t i o n of l a r g e r numbers of o v e r w i n t e r i n g m i g r a n t s 
b e c a u s e t h e i n c r e a s e o c c u r r e d a t a time when t h e r e was a 
s e r i e s o f c o l d w i n t e r s and an i n c r e a s e i n p h e a s a n t s h o o t i n g . 
D u r i n g t h e phase of g r e a t e s t i n c r e a s e i n the woodcock bag i n 
t h e UK (1974/75-1980/81) t h e r e was no i n c r e a s e i n t h e bag i n 
Denmark ( S t r a n d g a a r d & A s f e r g 1980) , where woodcock a r e s h o t 
on p a s s a g e from S c a n d i n a v i a t o B r i t a i n and o t h e r c o u n t r i e s 
( C l a u s a g e r 1 9 7 4 ) . C l e a r l y , t h e t r e n d i n t h e a n n u a l mean 
woodcock bag f o r the UK i s not a good measure o f t h e s t a t u s 
of t h e r e s i d e n t B r i t i s h b r e e d i n g p o p u l a t i o n , but t h e bags 
f o r S c o t l a n d and N E n g l a n d c a n p r o v i d e some i n d i c a t i o n of 
how woodcock a r e f a r i n g i n t h e main b r e e d i n g a r e a s b e c a u s e 
r e l a t i v e l y few C o n t i n e n t a l woodcock w i n t e r t h e r e 
( C h a p t e r 2 ) . The woodcock s h o t i n S c o t l a n d d u r i n g September 
a r e u n d o u b t e d l y r e s i d e n t b i r d s and i f t h e s e were r e c o r d e d 
s e p a r a t e l y from the t o t a l a n n u a l bag t h e y would p r o v i d e a 
good g u i d e t o a n n u a l changes i n t h e s i z e of t h e p o s t -
b r e e d i n g woodcock p o p u l a t i o n . 
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4. THE FORAGING BEHAVIOUR OF WOODCOCK IN WINTER 
4.1 INTRODUCTION 
B r e e d i n g woodcock a r e a s s o c i a t e d w i t h woodland and 
s c r u b , but i n w i n t e r t h e y a r e o n l y dependent on t h e s e 
h a b i t a t s f o r r e s t i n g p l a c e s and t h e y f e e d a t n i g h t i n 
f i e l d s . Woodcock g e n e r a l l y f l y out from t h e i r d i u r n a l 
r e s t i n g p l a c e s about 30 min. a f t e r s u n s e t and r e t u r n about 
30 min. b e f o r e s u n r i s e and t h e i r d i e t i n w i n t e r c o n s i s t s 
l a r g e l y of earthworms and l e a t h e r j a c k e t s ( T i p u l i d a e l a r v a e ) 
( H i r o n s & B i c k f o r d - S m i t h 1 9 8 3 ) . Woodcock p r o b a b l y f e e d a t 
n i g h t i n w i n t e r b e c a u s e i t p r o v i d e s t h e most p r o f i t a b l e and 
s a f e s t f e e d i n g o p p o r t u n i t i e s : t h e " p r e f e r e n c e h y p o t h e s i s " 
p r o p o s e d f o r n o c t u r n a l f o r a g i n g i n w i l d f o w l and s h o r e b i r d s 
by McNeil e t al. ( 1 9 9 2 ) . T h e r e a r e much h i g h e r d e n s i t i e s of 
earthworms i n f i e l d s t h a n i n woodland and t h e y a r e more 
a v a i l a b l e a t n i g h t ( R a l p h 1 9 5 7 ) . F u r t h e r m o r e , a v i a n 
p r e d a t i o n i s thought t o i n f l u e n c e t h e c h o i c e of f e e d i n g 
a r e a s by woodcock d u r i n g t h e b r e e d i n g s e a s o n when t h e y a r e 
a c t i v e i n woodland d u r i n g t h e day ( H i r o n s & J o h n s o n 1987) 
and i n w i n t e r , when t h e r e i s l i t t l e ground c o v e r , t h i s 
f a c t o r i s l i k e l y t o be even more i m p o r t a n t . The f a c t t h a t 
f i e l d s a r e u s e d a t n i g h t i s c o n s i s t e n t w i t h t h e o b s e r v a t i o n 
t h a t most b i r d s p e c i e s , w i t h t h e e x c e p t i o n o f some owls, 
engaged i n f l i g h t a t n i g h t u t i l i z e open h a b i t a t s , w e l l away 
from o b s t a c l e s and c l e a r o f complex v e g e t a t i o n 
( M a r t i n 1 9 9 0 ) . 
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H i r o n s & B i c k f o r d - S m i t h (1983) have shown t h a t woodcock 
t y p i c a l l y f l y o n l y s h o r t d i s t a n c e s t o f e e d a t n i g h t (mean 
d i s t a n c e ± s d = 444±388m, maximum=13 70m) and occupy s m a l l 
home r a n g e s ( 9 - 2 2 h a ) . However, t h e i r s t u d y r e l i e d on o n l y 
f i v e r a d i o t a g g e d i n d i v i d u a l s w h i c h were m o n i t o r e d i n l a t e 
w i n t e r and t h e i n t e n s i t y of r a d i o l o c a t i o n s was i n s u f f i c i e n t 
t o p r o v i d e d a t a on t h e p a t t e r n o f f i e l d u s e e a c h n i g h t . 
Waders f o r a g i n g i n f l o c k s d u r i n g t h e day have been shown t o 
e x h i b i t p r e f e r e n c e s between f i e l d s f o r f e e d i n g i n w i n t e r , 
l a p w i n g s Vanellus vanellus and g o l d e n p l o v e r s Pluvialis 
apricaria c h o o s i n g o l d p a s t u r e (>2 5 y e a r s o l d ) o v e r young 
p a s t u r e (<4 y e a r s o l d ) , c e r e a l f i e l d s and p l o u g h ( B a r n a r d & 
Thompson 1985) and o y s t e r c a t c h e r s Haematopus ostralegus 
s e l e c t i n g g r a s s l e y s i n r e l a t i o n t o t h e time s i n c e t h e y were 
l a s t p l o u ghed ( H e p p l e s t o n 1 9 7 1 ) . T h i s b e h a v i o u r h a s been 
a t t r i b u t e d t o t h e h i g h e r d e n s i t y of earthworms i n o l d 
p a s t u r e and t he g r e a t e r s p a t i a l and t e m p o r a l p r e d i c t a b i l i t y 
i n t h e d i s t r i b u t i o n of worm-rich p a t c h e s . T h e r e i s a 
s u g g e s t i o n t h a t woodcock p r e f e r permanent p a s t u r e s o v e r l e y s 
and c e r e a l f i e l d s ( F e r r a n d & Gossman 1988) but t h e r e a s o n s 
f o r t h i s have not been d e t e r m i n e d . 
Lapwings and g o l d e n p l o v e r s a r e a b l e t o u s e v i s u a l 
c u e s , s u c h a s t h e p r e s e n c e of o t h e r b i r d s , t h e d e n s i t y and 
h e i g h t of t h e g r a s s and t h e number of worm c a s t s and 
burrows, t o l o c a t e t h e most p r o f i t a b l e f e e d i n g a r e a s 
( B a r n a r d & Thompson 1 9 8 5 ) . S i m i l a r l y , o y s t e r c a t c h e r s f e e d by 
s i g h t d u r i n g t h e day, but s w i t c h t o t a c t i l e f e e d i n g a t n i g h t 
( H u l s c h e r 1 9 7 6 ) . Woodcock a r e a l m o s t c e r t a i n l y dependent on 
t a c t i l e f e e d i n g and i n common w i t h many s c o l o p a c i d s p e c i e s , 
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t h e y p o s s e s s many t o u c h - s e n s i t i v e n e r v e e n d i n g s , s u c h as 
H e r b s t ' s c o r p u s c l e s , i n the b i l l t i p and a t r i g e m i n a l 
e x p a n s i o n of the f o r e b r a i n ( P e t t i g r e w & F r o s t 1985) . 
Woodcock p o s s e s s l a r g e e y e s i n r e l a t i o n t o t h e s i z e of t h e 
head, a c h a r a c t e r i s t i c t h a t p r o b a b l y a i d s them i n t h e 
i n i t i a l l o c a t i o n of f i e l d s a t dusk, a l t h o u g h l a r g e e y e s have 
been s u g g e s t e d as an advantage f o r n o c t u r n a l f o r a g i n g i n 
p l o v e r s (Dugan 1981, P i e n k o w s k i 1 9 8 3 ) . 
The purpose of the work d e s c r i b e d i n t h i s c h a p t e r was 
t o examine the e x t e n t t o w h i c h woodcock d i s t i n g u i s h e d 
between f i e l d s of d i f f e r e n t food a v a i l a b i l i t y and t o 
i n v e s t i g a t e some of the f a c t o r s t h a t may have a c t e d as c u e s 
i n t h e c h o i c e of f e e d i n g l o c a t i o n s . 
4.2 STUDY SITES 
F i e l d w o r k was c onducted on t h e L i z a r d P e n i n s u l a , 
W C o r n w a l l ( g r i d r e f e r e n c e SW 7220) b e c a u s e r e l a t i v e l y l a r g e 
numbers of woodcock were known t o w i n t e r t h e r e ( C h a p t e r 3) 
and t h e i r b e h a v i o u r c o u l d be more e a s i l y s t u d i e d t h a n i n 
o t h e r p a r t s of the c o u n t r y . 
4.3 METHODS 
4.3.1 I d e n t i f i c a t i o n of woodcock feeding s i t e s 
I n o r d e r t o a s s e s s d i f f e r e n c e s i n t h e u s e o f d i f f e r e n t 
t y p e s of f i e l d by woodcock, 26 f i e l d s of f i v e d i f f e r e n t 
t y p e s (permanent p a s t u r e , g r a s s l e y of t h r e e ages and w i n t e r 
wheat) were s e a r c h e d w i t h a spot-lamp i n mid-November 1992. 
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Woodcock f e e d i n g s i t e s w i t h i n f i e l d s were i d e n t i f i e d by-
m a r k i n g t h e p o s i t i o n s where woodcock were f l u s h e d from 
f i e l d s d u r i n g spot-lamp c o u n t s i n 1991 and 1992 w i t h 0.5m 
c a n e s . I n c a s e s where the b i r d was not d i s t u r b e d , a cane was 
p l a c e d a t t h e p o i n t of o b s e r v a t i o n and n o t e s were made on 
t h e d i s t a n c e and d i r e c t i o n of the b i r d from t h e cane. The 
cane was t h e n moved t o the b i r d ' s f e e d i n g l o c a t i o n t h e 
f o l l o w i n g morning. 
4.3.2 R a d i o t r a c k i n g and home range a n a l y s i s 
R a d i o t r a c k i n g was u s e d t o o b t a i n d a t a on t h e s i z e s and 
u t i l i z a t i o n of home ra n g e s by woodcock. T h i r t e e n woodcock 
were caught on f i e l d s a t n i g h t d u r i n g 19-26 November 1992 
( t h r e e a t T r e l o w a r r e n and t e n a t L a n a r t h ) by u s i n g t h e s p o t -
lamp t o d a z z l e them. They were f i t t e d w i t h s i n g l e - s t a g e 
r a d i o - t r a n s m i t t e r s ( B i o t r a c k L t d . , Wareham, D o r s e t ) w e i g h i n g 
2g w h i c h were a t t a c h e d by means o f f i g u r e e i g h t h a r n e s s e s 
made from 5mm e l a s t i c (Amlaner e t a l . 1978, H i r o n s & 
Owen 1982) . S i x of t h e t r a n s m i t t e r s had m e rcury t i l t -
s w i t c h e s w h i c h produced d i f f e r e n t p u l s e r a t e s a c c o r d i n g t o 
w hether t h e woodcock were s i t t i n g o r w a l k i n g . 
The woodcock were l o c a t e d w i t h a p o r t a b l e M-57 r e c e i v e r 
( M a r i n e r Radar, L o w e s t o f t , S u f f o l k ) and a t h r e e - e l e m e n t Y a g i 
a n t e n n a by f o l l o w i n g the p a t h of i n c r e a s i n g s i g n a l s t r e n g t h 
to w i t h i n about 40m of t h e b i r d , when p r e c i s e l o c a t i o n by 
t r i a n g u l a t i o n became p o s s i b l e . A d i u r n a l p o s i t i o n f i x was 
r e c o r d e d e v e r y two days and one t o f o u r r a d i o l o c a t i o n s were 
d e t e r m i n e d e a c h n i g h t . The maximum range of t r a n s m i t t e r 
d e t e c t i o n was about 300-400m when t h e b i r d s were i n c o v e r by 
109 
day and 500-700m a t n i g h t when t h e b i r d s were p r e s e n t on 
f i e l d s . A l t h o u g h t h e p r e c i s e l o c a t i o n of t h e b i r d s c o u l d be 
d e t e r m i n e d i n the f i e l d , d i f f i c u l t y was sometimes 
e n c o u n t e r e d i n r e l a t i n g t h i s l o c a t i o n t o i t s p o s i t i o n on t h e 
map. T h i s was e s p e c i a l l y t r u e when b i r d s were a c t i v e i n t h e 
c e n t r e of l a r g e f i e l d s (>15ha) and f o r t h i s r e a s o n t h e s i z e 
of g r i d s q u a r e s c h o s e n f o r r e c o r d i n g r a d i o l o c a t i o n s was 
50m x 50m. 
The r a d i o t a g g e d woodcock were m o n i t o r e d from 
22 November u n t i l 12 December 1992 and the home range was 
r e g a r d e d a s t h e r e s t r i c t e d a r e a encompassing t h e d i u r n a l 
r e s t i n g s i t e s and n o c t u r n a l f o r a g i n g s i t e s u s e d by e a c h b i r d 
d u r i n g t h i s p e r i o d . The s i z e s of home r a n g e s were c a l c u l a t e d 
by means of minimum convex p o l y g o n s (Mohr 1947, 
Southwood 1966) and 95% harmonic means (Dixon & 
Chapman 198 0) u s i n g t h e program RANGES I V (Kenwood 1990) . 
The minimum convex polygon was u s e d b e c a u s e i t i s a non-
p a r a m e t r i c t e c h n i q u e w h i c h i s r o b u s t w i t h r e g a r d t o t e m p o r a l 
a u t o c o r r e l a t i o n of r a d i o l o c a t i o n s ( S w i h a r t & S l a d e 1985, 
H a r r i s e t a l . 1990) and i s t h e most u s e f u l t e c h n i q u e f o r 
comparing range s i z e between s t u d i e s . The harmonic mean i s a 
w i d e l y u s e d p a r a m e t r i c method w h i c h i s s e n s i t i v e t o a r e a s of 
i n c r e a s e d a c t i v i t y w i t h i n t h e r a n g e . The d i s t o r t i n g e f f e c t 
of f i x e s c l o s e t o g r i d i n t e r s e c t i o n s i n t h e harmonic mean 
method was r e d u c e d by a d j u s t i n g t h e f i x c o o r d i n a t e s t o t h e 
c e n t r e of e a c h g r i d s q u a r e ( S p e n c e r & B a r r e t t 1 9 8 4 ) . 
F o r c o m p a r i s o n of t o t a l home range s i z e between 
i n d i v i d u a l woodcock, the minimum convex p o l y g o n and harmonic 
mean ra n g e a r e a s were a s s e s s e d f o r t h e f i r s t 28 
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r a d i o l o c a t i o n s f o r e a c h b i r d . F o r two woodcock ( b i r d s 247 
and 298) where f e w e r t h a n 28 r a d i o l o c a t i o n s were o b t a i n e d , 
t h e home range s i z e a t 28 r a d i o l o c a t i o n s was e s t i m a t e d from 
t h e i n c r e a s e i n range s i z e between f i v e and 12 
r a d i o l o c a t i o n s , w h i c h was compared w i t h a r e g r e s s i o n o f t h e 
i n c r e a s e between f i v e and 12 r a d i o l o c a t i o n s a g a i n s t t h e home 
range s i z e a t 28 r a d i o l o c a t i o n s f o r t h e o t h e r r a d i o t a g g e d 
woodcock ( H a r r i s e t a l . 1 9 9 0 ) . The r e g r e s s i o n e q u a t i o n s a r e : 
minimum convex polygon home r a n g e s y=-l.88+0.53x 
95% harmonic mean home r a n g e s y=0.15+0.24x 
where y i s t h e home range s i z e a t 28 r a d i o l o c a t i o n s and x 
i s t h e i n c r e a s e i n range s i z e from f i v e t o 12 
r a d i o l o c a t i o n s . The n o c t u r n a l home r a n g e s were s i m i l a r l y 
c o r r e c t e d t o t h e i r s i z e a t 22 r a d i o l o c a t i o n s on t h e b a s i s of 
t h e i n c r e a s e i n range s i z e between f i v e and t e n 
r a d i o l o c a t i o n s . The r e g r e s s i o n e q u a t i o n s u s e d f o r c o r r e c t i n g 
t h e n o c t u r n a l home r a n g e s a r e : 
minimum convex p o l y g o n home r a n g e s y=-l.34+0.50x 
95% harmonic mean home r a n g e s y=2.74+3.25x 
where y i s t h e home range s i z e a t 22 r a d i o l o c a t i o n s and x 
i s t h e i n c r e a s e i n range s i z e from f i v e t o t e n 
r a d i o l o c a t i o n s . 
Two o f t h e woodcock (one a t T r e l o w a r r e n and one a t 
L a n a r t h ) were m o n i t o r e d a u t o m a t i c a l l y f o r two n i g h t s e a c h 
u s i n g a R u s t r a c k c h a r t r e c o r d e r , w i t h a c h a r t s p e e d o f 
lOcm/h, l i n k e d t o t h e r a d i o r e c e i v e r ( H i r o n s & Owen 1982, 
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Kenward 1987) . B o u t s of a c t i v i t y were c h a r a c t e r i z e d by 
f l u c t u a t i n g s i g n a l l e v e l s whereas a c o n s t a n t c h a r t t r a c e was 
p r oduced when t h e woodcock were immobile. The equipment was 
s e t up so t h a t t h e b i r d s c o u l d be d e t e c t e d w i t h i n a 108° a r c 
upto a d i s t a n c e of 3 00m i n f r o n t of t h e a n t e n n a (an a r e a of 
a p p r o x i m a t e l y 8 . 5 h a ) . The range of d e t e c t i o n was v e r i f i e d 
d u r i n g t h e day u s i n g a s p a r e r a d i o t a g . A d d i t i o n a l d a t a f o r 
two b i r d - n i g h t s and f o u r b i r d - d a y s were s u p p l i e d by 
Dr. G. H i r o n s . The a c t i v i t y c h a r t s from t h e woodcock 
m o n i t o r e d i n t h i s way were d i v i d e d i n t o 5 min. p e r i o d s and 
e a c h p e r i o d was s c o r e d a c c o r d i n g t o whether o r not t h e b i r d 
was a c t i v e . P e r c e n t a g e a c t i v i t y i n e a c h hour o f t h e day and 
n i g h t was c a l c u l a t e d from the p r o p o r t i o n of a c t i v e p e r i o d s . 
4.3.3 Measurement of parameters to determine the reasons f o r 
the use of p a r t i c u l a r f i e l d s by woodcock 
D i f f e r e n c e s between f i e l d types 
I n v e r t e b r a t e a v a i l a b i l i t y and r e l a t i v e s o i l s o f t n e s s 
were measured f o r 26 f i e l d s c o m p r i s e d of permanent p a s t u r e s , 
t h r e e ages of g r a s s l e y s and w i n t e r wheat d u r i n g November 
1992. I n v e r t e b r a t e s were sampled u s i n g a s o i l a u g e r (110mm 
d i a m e t e r , 95cm 2 s u r f a c e a r e a ) t o remove c o r e s t o a d epth of 
70mm, t h e a v e r a g e l e n g t h of t h e woodcock b i l l . A t o t a l of 
10-28 p a i r s o f randomly s i t e d s o i l c o r e s were t a k e n from 
e a c h f i e l d between the h o u r s of 21.00 GMT and 01.00 GMT and 
p l a c e d i n l a b e l l e d p o l y t h e n e bags. Samples were h a n d - s o r t e d 
w i t h i n 42h of c o l l e c t i o n and a l l i n v e r t e b r a t e s g r e a t e r t h a n 
2mm i n l e n g t h were c o u n t e d and s t o r e d i n 10% f o r m a l i n . Hand-
s o r t i n g was u s e d b e c a u s e i t i s t h e most e f f e c t i v e t e c h n i q u e 
112 
( H e p p l e s t o n 1971, Edwards & L o f t y 1977) . Chemical e x t r a c t i o n 
t e c h n i q u e s are t h o u g h t t o r e s u l t i n an o v e r e s t i m a t e o f deep-
d w e l l i n g s p e c i e s such as Lumbricus terrestris t h a t are 
f o r c e d up and an u n d e r e s t i m a t e o f s u r f a c e - d w e l l e r s such as 
Allolobophora chlorotica, A. caliginosa and A. rosea t h a t 
t e n d t o move down (Barnard & Thompson 1985) . I n a d d i t i o n , 
c h e m i c a l e x t r a c t i o n was d i f f i c u l t t o p e r f o r m a t n i g h t and i s 
known t o be l e s s e f f i c i e n t when t h e s o i l i s w a t e r l o g g e d 
( S a t c h e l l 1967) , as was t h e case f o r some o f t h e f i e l d s 
sampled. 
Broken worms e s t i m a t e d t o be more t h a n h a l f t h e l e n g t h 
o f t h e i n t a c t a nimal were counted as whole worms. Lumbricus 
terrestris were counted s e p a r a t e l y from a l l t h e o t h e r 
s p e c i e s o f earthworms. I n v e r t e b r a t e s o t h e r t h a n earthworms 
were grouped. They i n c l u d e d d i p t e r a n l a r v a e , p a r t i c u l a r l y 
l e a t h e r j a c k e t s ( T i p u l i d a e l a r v a e ) , and a d u l t and l a r v a l 
C o l e o p t e r a . The biomass o f t h e earthworms and o t h e r s o i l 
i n v e r t e b r a t e s was measured as wet w e i g h t t o t h e n e a r e s t 
O.OOlg. As w e i g h t s were d e t e r m i n e d a f t e r p r e s e r v a t i o n i n 
f o r m a l i n , a c o r r e c t i o n f o r w e i g h t l o s s d u r i n g s t o r a g e was 
d e t e r m i n e d by w e i g h i n g a sample o f 20 earthworms a l i v e and 
a f t e r two months s t o r a g e i n 10% f o r m a l i n . The v a l u e o f t h e 
c o r r e c t i o n was x l . 0 8 , which was a p p l i e d t o t h e measured 
earthworm wet w e i g h t s . No s e p a r a t e c o r r e c t i o n was d e t e r m i n e d 
f o r t h e o t h e r s o i l i n v e r t e b r a t e s and t h e same c o r r e c t i o n o f 
x l . 0 8 was used. A r e l a t i v e measure o f s o i l s o f t n e s s between 
f i e l d s was o b t a i n e d from t h e mean dep t h (mm) o f t e n drops o f 
a p o i n t e d s t e e l r o d (weight 468g, w i t h t h e end 200mm m i l l e d 
t o a w i d t h o f 2mm) from a h e i g h t o f 2m; a method s i m i l a r t o 
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t h a t employed by L o f a l d l i et al. (1992) . T h i s measure i s 
h e r e a f t e r r e f e r r e d t o as t h e s o i l p e n e t r a b i l i t y . 
The p r e d i c t a b i l i t y o f a v a i l a b l e earthworm d e n s i t y and 
o t h e r s o i l i n v e r t e b r a t e d e n s i t y w i t h i n f i e l d s was examined 
by t a k i n g r e p e a t samples from t h e same l o c a t i o n s ; t h r e e 
samples a t t h r e e l o c a t i o n s i n each o f f i v e d i f f e r e n t f i e l d s 
a t T r e l o w a r r e n on two o r t h r e e n i g h t s . The f i e l d s chosen 
were a l l used by woodcock a t some stage d u r i n g t h e spot-lamp 
c o u n t i n g and c o n s i s t e d o f two permanent p a s t u r e s , a second 
y e a r l e y , a f i r s t y e a r l e y and a w i n t e r wheat f i e l d . 
Comparison of f i e l d s v i s i t e d and avoided by woodcock 
D i f f e r e n c e s i n i n v e r t e b r a t e a v a i l a b i l i t y , s o i l 
p e n e t r a b i l i t y and g r a s s l e n g t h were examined f o r 17 f i e l d s , 
a l l permanent p a s t u r e s o r o l d l e y s (>2 y e a r s i n g r a s s ) , t h a t 
were c l a s s i f i e d i n t o t h r e e groups a c c o r d i n g t o t h e i r use by 
f e e d i n g woodcock. These groups were f i e l d s i n w h i c h woodcock 
were seen d u r i n g a l l v i s i t s i n November 1992, i n which t h e y 
were seen on 33-75% o f v i s i t s and i n which t h e y were never 
seen. 
Regression a n a l y s i s between f i e l d s 
Twelve independent v a r i a b l e s d e s c r i b i n g each o f 12 
f i e l d s were measured i n November 1991 and 14 independent 
v a r i a b l e s were measured i n 20 f i e l d s d u r i n g November 1992, 
f o r use i n a f o r w a r d s t e p w i s e m u l t i p l e r e g r e s s i o n t o 
d e t e r m i n e t h e f a c t o r s most i n f l u e n c i n g t h e c h o i c e o f f i e l d 
by woodcock a t n i g h t . The v a r i a b l e s t h a t were e n t e r e d i n t h e 
r e g r e s s i o n a n a l y s i s are g i v e n i n Table 4.1. F i e l d s t h a t were 
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Table 4.1 Summary o f t h e v a r i a b l e s used i n a m u l t i p l e 
r e g r e s s i o n a n a l y s i s t o e x p l a i n t h e c h o i c e between f i e l d s by 
f e e d i n g woodcock i n w i n t e r . 
Dependent v a r i a b l e 
Mean woodcock d e n s i t y (number/km 2) 
Independent v a r i a b l e s 
1. Area o f f i e l d (ha) 
2. Leng t h o f t h e f i e l d p e r i m e t e r 
3. Percentage hedgerow i n f i e l d boundary 
4. Percentage woodland i n f i e l d boundary 
5. D i s t a n c e f r o m c e n t r e o f f i e l d t o edge 
o f n e a r e s t wood (m) 
#6. F i e l d t y p e : (a) Permanent p a s t u r e 
(b) Ley i n grass f o r >2 y e a r s 
(c) 2nd-year l e y 
(d) l s t - y e a r l e y 
#7. G r a z i n g : (a) No l i v e s t o c k 
(b) Horses 
(c) C a t t l e f o r h a l f t h e w i n t e r 
(d) C a t t l e a l l w i n t e r 
(e) Sheep 
8. Grass l e n g t h (mm) (1992 o n l y ) 
#9. S o i l m o i s t u r e : (a) No m o i s t u r e i n t o p s o i l (2cm) 
(1992 o n l y ) (b) M o i s t u r e i n t o p s o i l (2cm) 
(c) Some water on s o i l s u r f a c e 
(d) F i e l d s u r f a c e covered by-0-lcm w a t e r 
(e) F i e l d s u r f a c e covered by >lcm w a t e r 
10. S o i l p e n e t r a b i l i t y (mm) 
*11. Mean a v a i l a b l e earthworm d e n s i t y (no./m 2) 
*12. Mean a v a i l a b l e earthworm biomass (g/m 2) 
*13. Mean a v a i l a b l e d e n s i t y o f o t h e r . i n v e r t e b r a t e s (no./m 2) 
*14. Mean a v a i l a b l e biomass o f o t h e r i n v e r t e b r a t e s (g/m 2) 
#Where t h e r e was more t h a n one c a t e g o r y p er v a r i a b l e , dummy 
m a t r i c e s were used. 
*Of these v a r i a b l e s o n l y 11 and 13 o r 12 and 14 were used i n 
t h e same a n a l y s i s . 
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e i t h e r v i s i t e d o r avo i d e d by woodcock were i n c l u d e d b u t t h e 
a n a l y s i s was r e s t r i c t e d t o grass f i e l d s . The an a l y s e s were 
conducted t w i c e ; once u s i n g i n v e r t e b r a t e d e n s i t y and once 
u s i n g i n v e r t e b r a t e biomass. The coded v a r i a b l e s f i e l d t y p e , 
g r a z i n g i n t e n s i t y and s o i l m o i s t u r e were s u b s t i t u t e d by 
dummy m a t r i c e s b e f o r e e n t r y i n t o t h e m u l t i p l e r e g r e s s i o n . 
The p e r c e n t a g e s o f hedgerow and woodland i n t h e f i e l d 
boundary were a r c s i n t r a n s f o r m e d . 
P l o t s o f t h e s t u d e n t i z e d r e s i d u a l s a g a i n s t t h e mean 
woodcock d e n s i t y and each o f t h e independent v a r i a b l e s were 
examined f o r v i o l a t i o n s o f t h e assumptions o f l i n e a r i t y , 
e q u a l i t y o f v a r i a n c e and n o r m a l i t y made i n m u l t i p l e 
r e g r e s s i o n a n a l y s i s ( N o r u s i s 1988). These r e v e a l e d t h a t t h e 
assumptions were met and t h a t none o f t h e v a r i a b l e s r e q u i r e d 
t r a n s f o r m a t i o n . Sokal & Rohlf (1981) s t a t e t h a t t h e number 
o f o b s e r v a t i o n s i n a m u l t i p l e r e g r e s s i o n a n a l y s i s must be a t 
l e a s t one g r e a t e r t h a n t h e number o f independent v a r i a b l e s , 
b u t t h a t l a r g e r samples r e l a t i v e t o t h e number o f 
independent v a r i a b l e s a re d e s i r e a b l e . For t h i s reason, t h e 
s e t o f independent v a r i a b l e s was s p l i t i n t o two groups and 
two s e p a r a t e analyses were conducted t o d e t e r m i n e t h e e f f e c t 
on t h e s e l e c t e d p r e d i c t o r v a r i a b l e s . T h i s made no d i f f e r e n c e 
t o t h e r e s u l t i n e i t h e r year. 
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Comparison of feeding and random s i t e s w i t h i n f i e l d s 
I n v e r t e b r a t e d e n s i t y i n t h e t o p 7cm o f s o i l and s o i l 
p e n e t r a b i l i t y were d e t e r m i n e d a t 15 f e e d i n g l o c a t i o n s w i t h i n 
permanent p a s t u r e s and o l d l e y s (>2 y e a r s i n grass) 
i d e n t i f i e d d u r i n g spot-lamp c o u n t s , and a t 15 p a i r e d random 
l o c a t i o n s . Each p a i r e d random l o c a t i o n was s i t e d 150m from a 
f e e d i n g l o c a t i o n i n a random d i r e c t i o n . Each p a i r o f f e e d i n g 
and random l o c a t i o n s were w i t h i n t h e same f i e l d . Ten s o i l 
samples were t a k e n a t each o f t h e f e e d i n g and random s i t e s . 
4.4 RESULTS 
4.4.1 A c t i v i t y p a t t e r n of the radiotagged woodcock 
Of t h e 13 woodcock tagged i n November 1992, e i g h t 
y i e l d e d i n f o r m a t i o n f o r t e n t o 22 days each and a mean o f 29 
r a d i o l o c a t i o n s was o b t a i n e d f o r these b i r d s (Appendix 4.1). 
Of t h e f i v e b i r d s w h i c h d i d n o t p r o v i d e any u s e f u l 
i n f o r m a t i o n , f o u r were l o s t w i t h i n two n i g h t s o f t a g g i n g and 
one remained i n t h e s t u d y area b u t c o u l d n o t be d e t e c t e d due 
t o i n t e r f e r e n c e . I t was shot on 31 December 1992 w i t h i n 1km 
o f t h e p l a c e o f marking. E x t e n s i v e searches o f t h e s t u d y 
area were conducted f o r t h e f o u r m i s s i n g b i r d s by n i g h t and 
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day, b u t i t was concluded t h a t t h e y l e f t t h e area soon a f t e r 
t a g g i n g . None were shot l a t e r i n t h e season. No adverse 
e f f e c t s on b e h a v i o u r r e s u l t i n g from r a d i o t a g g i n g were 
p e r c e i v e d among t h e woodcock t h a t remained on t h e s t u d y 
area, a l t h o u g h t h r e e o f t h e woodcock never r e t u r n e d t o t h e 
f i e l d s where t h e y were caught. One b i r d (228) was r e c a p t u r e d 
a t t h e end o f t h e s t u d y and two (349 and 336) were shot 
l a t e r i n t h e same w i n t e r (31 December and m i d - J a n u a r y ) , b o t h 
w i t h i n 1km o f t h e i r t a g g i n g l o c a t i o n s . 
The r a d i o t a g g e d woodcock were most a c t i v e j u s t a f t e r 
f l y i n g o u t t o f i e l d s t o f e e d a t dusk and j u s t b e f o r e 
r e t u r n i n g t o woodland a t dawn ( F i g u r e 4.1) . They were as 
a c t i v e d u r i n g t h e day as d u r i n g t h e n i g h t b u t t h e p e r i o d s o f 
a c t i v i t y were o f s h o r t e r d u r a t i o n i n t h e day (means; day, 
4.3 min., n=6 0; n i g h t , 6.9 min., n=39) . T h i s degree o f 
a c t i v i t y d u r i n g d a y l i g h t hours was unexpected as t h e 
woodcock moved o n l y v e r y s h o r t d i s t a n c e s (<3 0m) w i t h i n t h e 
woodland d u r i n g t h e course o f a day. N e v e r t h e l e s s , t h e s e 
d a t a r e l a t e o n l y t o whether t h e b i r d s were a c t i v e and n o t t o 
whether t h e y were f e e d i n g . There d i d not appear t o be 
d i s t i n c t f e e d i n g and r e s t i n g p e r i o d s a t n i g h t a l t h o u g h t h e 
r a d i o t a g g e d woodcock were u n d o u b t e d l y l e a s t a c t i v e between 
02.0 0 GMT and 06.00 GMT. On average, t h e r a d i o t a g g e d 
woodcock were o n l y a c t i v e f o r 17+17 min./h (±sd, n = l l h o u r s ; 
19.00-06.00 GMT) d u r i n g t h e n i g h t . 
On a t l e a s t s i x n i g h t s (5%) from a t o t a l o f 112 b i r d -
n i g h t s m o n i t o r e d f o r a l l t h e r a d i o t a g g e d woodcock, c e r t a i n 
i n d i v i d u a l s l e f t t h e i r r e s t i n g p l a c e s t o f e e d on f i e l d s 
a p p r e c i a b l y l a t e r t h a n u s u a l o r r e t u r n e d a p p r e c i a b l y 
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F i g u r e 4„1 Twenty-four hour a c t i v i t y p a t t e r n of radiotagged 
woodcock on the L i z a r d P e n i n s u l a , Cornwall i n winter 
(n=4 bird-days, 6 b i r d - n i g h t s ) . ( E r r o r bars are ±lse; shaded 
bar i n d i c a t e s the period of d a y l i g h t ) . 
% omin. periods active 100 
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e a r l i e r . The l a t e s t r e c o r d e d woodland r a d i o l o c a t i o n f o l l o w e d 
by a f i e l d r a d i o l o c a t i o n was 01.35 GMT and t h e e a r l i e s t 
woodland r a d i o l o c a t i o n t o have been preceeded by a f i e l d 
r a d i o l o c a t i o n was 00.3 0 GMT. Three o f t h e e i g h t r a d i o t a g g e d 
woodcock each spent a t l e a s t one e n t i r e n i g h t i n woodland. 
There was no c o n s i s t e n c y between b i r d s w i t h r e s p e c t t o t h e 
n i g h t s on which t h i s o c c u r r e d . Two o f t h e woodcock f l e w t o 
moorland i n s t e a d o f f i e l d s on a t o t a l o f e i g h t n i g h t s ( 7 % o f 
th e b i r d - n i g h t s m o n i t o r e d ) . These b i r d s d i d n o t move d u r i n g 
t h e n i g h t and i t was assumed t h a t t h e y were n o t f e e d i n g on 
th e moorland. 
4.4.2 The home range of woodcock i n winter 
Each o f t h e woodcock used f i e l d s and woodland c l o s e t o 
th e p o i n t o f c a p t u r e ( F i g u r e 4.2) and t h e mean d i s t a n c e 
f l o w n from cover t o f i e l d s used f o r f e e d i n g was 322±175m 
(±sd, maximum 620m, n=8 b i r d s ) . The s i z e o f s t a n d a r d i z e d 
minimum convex p o l y g o n home ranges used by each b i r d d u r i n g 
t h e p e r i o d o f s t u d y ranged f r o m 7-58ha (Table 4 . 2 ) . 
A s y m p t o t i c areas d e r i v e d f r o m p l o t s o f t h e number o f 
r a d i o l o c a t i o n s (x) a g a i n s t home range s i z e (y) ( S t i c k e l 
1954, Hawes 1977) were reached f o r t h e s i x woodcock f o r 
which 28 o r more r a d i o l o c a t i o n s were o b t a i n e d a f t e r 9-30 
r a d i o l o c a t i o n s . A mean i n c r e m e n t a l range area p l o t 
(Kenward 1982) f o r these s i x b i r d s r e v e a l e d t h a t on average 
t h e asymptote was reached a f t e r 23 r a d i o l o c a t i o n s . Home 
range asymptotes were n o t reached f o r b i r d s 298 and 247 
because t o o few r a d i o l o c a t i o n s were o b t a i n e d (n=12 and 
n=19) . The complete home ranges i n c l u d e areas t h a t were 
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F i g u r e 4.2 Minimum convex polygon home ranges of four 
radiotagged woodcock a t Lanarth, Cornwall during 














s i m p l y f l o w n t h r o u g h by t h e b i r d s a t dusk and dawn. I n t h e 
case o f b i r d 247 a t Traboe Cross, t h e r e l a t i v e l y l a r g e home 
range r e s u l t s from t h e f a c t t h a t t h e f i e l d s i n t h i s area a r e 
i n t e r s p e r s e d by l a r g e t r a c t s o f moorland, which account f o r 
a p p r o x i m a t e l y 34ha (83%) of t h e t o t a l u n c o r r e c t e d range 
area. The r a d i o t a g g e d woodcock e x h i b i t e d h i g h f i d e l i t y t o 
t h e i r woodland r e s t i n g s i t e s and f i v e o f t h e e i g h t b i r d s 
used t h e same s i t e t h r o u g h o u t t h e s t u d y p e r i o d . One o f t h e 
woodcock was a c c i d e n t a l l y f l u s h e d from i t s r e s t i n g p l a c e 
d u r i n g t h e day and f l e w 137m t o a new s i t e . I t c o n t i n u e d t o 
use t h e new r e s t i n g s i t e f o l l o w i n g t h e d i s t u r b a n c e and d i d 
not v i s i t t h e o l d s i t e a g a i n . The mean d i s t a n c e o f t h e 
d i u r n a l r e s t i n g s i t e s f r o m t h e n e a r e s t woodland o r r i d e edge 
was 2 9 + l l m (±sd). The v e r y s m a l l n o c t u r n a l ranges showed 
t h a t t h e b i r d s r e p e a t e d l y r e t u r n e d t o a s m a l l number o f 
f i e l d s t o f e e d and i n d i c a t e d t h a t p a r t i c u l a r f i e l d s were 
s e l e c t e d . 
Only o c c a s i o n a l l y d i d any o f t h e woodcock change t h e 
f i e l d i n which t h e y f e d d u r i n g t h e course o f one n i g h t . From 
a t o t a l o f 55 p a i r s o f c o n s e c u t i v e r a d i o l o c a t i o n s , r e c o r d e d 
a t a p p r o x i m a t e l y two hour i n t e r v a l s , w i t h i n n i g h t s , f i e l d 
changes o n l y o c c u r r e d i n f o u r cases (7%) . The two b i r d s 
m o n i t o r e d a u t o m a t i c a l l y b o t h remained w i t h i n t h e area o f 
d e t e c t i o n (8.5ha), and c e r t a i n l y i n one case i n t h e same 
f i e l d , f o r t h e d u r a t i o n o f each n i g h t . There was more 
v a r i a t i o n i n t h e f i e l d used f o r f e e d i n g by each b i r d between 
n i g h t s , a l t h o u g h c e r t a i n f i e l d s were used f o r up t o 11 
c o n s e c u t i v e n i g h t s ( F i g u r e 4.3). The number o f f i e l d s used 
by each r a d i o t a g g e d b i r d and t h e t i m e between f i e l d changes 
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Table 4.2 Home range areas o f e i g h t woodcock r a d i o t r a c k e d on 
t h e L i z a r d P e n i n s u l a , C o r n w a l l d u r i n g t h e p e r i o d 
22 November-12 December 1992. 
T o t a l home ranges ( c a l c u l a t e d from day and n i g h t 
r a d i o l o c a t i o n s ) are s t a n d a r d i z e d on 28 r a d i o l o c a t i o n s and 
n o c t u r n a l ranges ( c a l c u l a t e d from n i g h t r a d i o l o c a t i o n s o n l y ) 
a r e s t a n d a r d i z e d on 22 r a d i o l o c a t i o n s . 
Radio Number 
f r e q . o f r a d i o -
l o c a t i o n s 
T o t a l N i g h t 
Minimum convex 
p o l y g o n area (ha) 
T o t a l N o c t u r n a l 
95% harmonic 
mean area (ha) 
T o t a l N o c t u r n a l 
L a n a r t h 
218 36 29 7 4 5 4 4 . 7 2 . 7 
228 28 22 9 1 7 9 8 . 3 5 . 6 
247 19 13 57 5* 57 . 9# 55 . 6* 29 . 8# 
319 31 27 27 3 21 5 16 . 6 16 . 9 
349 37 30 9 6 7 0 3 . 7 2 . 0 
"r e l o w a r r e n 
298 12 10 15 0* 11. 2# 4 . 1* 5 . 4 # 
309 36 31 12 5 10 . 5 4 . 5 2 . 3 
336 30 25 29 1 21 . 6 21 . 4 12 . 9 
*Es t i m a t e o f home range s i z e a t 28 r a d i o l o c a t i o n s d e r i v e d 
f r o m t h e i n c r e a s e i n range s i z e from f i v e t o 12 
r a d i o l o c a t i o n s . 
^ E s t i m a t e o f home range s i z e a t 22 r a d i o l o c a t i o n s d e r i v e d 
f r o m t h e i n c r e a s e i n range s i z e from f i v e t o t e n 
r a d i o l o c a t i o n s . 
The n o c t u r n a l minimum convex p o l y g o n home range f o r b i r d 247 
and t h e n o c t u r n a l harmonic mean home range f o r b i r d 2 98 
o b v i o u s l y cannot be l a r g e r t h a n t h e i r r e s p e c t i v e t o t a l home 
ranges. The d i s c r e p a n c i e s are due t o t h e use o f d i f f e r e n t 
e q u a t i o n s f o r t h e e s t i m a t i o n o f t h e n o c t u r n a l and t o t a l home 
ranges f o r t hese b i r d s . 
The home range f o r b i r d 24 7 was l a r g e r t h a n t h e home ranges 
f o r t h e o t h e r b i r d s because t h e f i e l d s used by b i r d 247 were 
s e p a r a t e d by l a r g e t r a c t s o f moorland. These comprised 
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Table 4.3 The number o f f i e l d s v i s i t e d by e i g h t woodcock 
r a d i o t r a c k e d on t h e L i z a r d P e n i n s u l a , C o r n w a l l d u r i n g 
22 November-12 December 1992 and t h e mean t i m e spent on a 
f i e l d b e f o r e changing t o a n o t h e r f i e l d . 
Changes between and w i t h i n n i g h t s are i n c l u d e d b u t t h e n i g h t 
o f i n i t i a l c a p t u r e i s exc l u d e d . Changes induced as a r e s u l t 
o f d i s t u r b a n c e by t h e ob s e r v e r are o m i t t e d . 
Radio Number N i g h t s T o t a l no. T o t a l no. Mean t i m e 
f r e q . o f n i g h t s spent i n of f i e l d s o f changes ( n i g h t s ) 
m o n i t o r e d woodland v i s i t e d between each 
o r on change o f 
moorland f i e l d * 
L a n a r t h 
218 18 0 2 5 2 4 
228 12 0 1 0 (>12 0) 
247 9 3 2 1 5 0 
319 17 1 4 7 1 8 
349 20 5 1 0 (>15 0) 
T r e l o w a r r e n 
298 6 1 3 2 1 .5 
309 15 7 4 4 1 . 8 
336 15 0 4 4 1 .3 
*The n i g h t s spent on t h e l a s t f i e l d v i s i t e d have been 
e x c l u d e d because t h e i n t e r v a l u n t i l t h e next change o f f i e l d 
was i n c o m p l e t e . For t h i s reason a mean i n t e r v a l c o u l d n o t be 
c a l c u l a t e d f o r b i r d s 228 and 349. 
i s summarised i n Table 4.3. B i r d 228 was not l o c a t e d on any 
of t h e f i e l d s w i t h i n 1km o f i t s d i u r n a l r e s t i n g p l a c e f o r 
e i g h t n i g h t s f o l l o w i n g t a g g i n g and i t i s n o t known how many 
f i e l d s were used d u r i n g t h i s p e r i o d . The mean t i m e between 
each change o f f i e l d was not s i g n i f i c a n t l y d i f f e r e n t between 
i n d i v i d u a l s (F=0.72, df=5,18, N.S.) o r between t h e b i r d s a t 
T r e l o w a r r e n and L a n a r t h (F=0.97, d f = l , 2 2 , N.S.). The mean 
d i s t a n c e between t h e d i f f e r e n t f i e l d s used by t h e 
r a d i o t a g g e d woodcock on d i f f e r e n t n i g h t s was 327+134m (±sd). 
B i r d s 228 and 349 behaved d i f f e r e n t l y , i n so f a r as t h e y d i d 
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n o t change f i e l d s a t a l l . T h i s may have been because t h e y 
b o t h v i s i t e d a p a r t i c u l a r l y l a r g e f i e l d (22.6ha). 
E x a m i n a t i o n o f t h e movements o f 16 r i n g e d woodcock 
r e c a p t u r e d d u r i n g t h e w i n t e r t h e y were marked r e v e a l e d t h a t 
t e n had s t a y e d i n t h e same f i e l d and t h a t s i x (38%) had made 
a p p r e c i a b l e movements (mean+sd, 1018±261m) t o new f i e l d s . 
There was no s i g n i f i c a n t d i f f e r e n c e i n t h e mean t i m e between 
marking and r e c a p t u r e f o r t h e two groups o f b i r d s 
( r e c a p t u r e d i n same f i e l d 24+28 days (±sd); r e c a p t u r e d i n 
d i f f e r e n t f i e l d s 28±34 days (±sd); t=0.26, df=14, N.S.). 
On e i g h t occasions r a d i o t a g g e d woodcock were 
a c c i d e n t a l l y f l u s h e d by the o b s e r v e r w h i l s t r a d i o l o c a t i o n s 
were b e i n g made. I n o n l y one i n s t a n c e d i d t h e b i r d r e t u r n t o 
t h e same f i e l d t h a t n i g h t . I n t h e o t h e r seven cases t h e 
b i r d s moved s h o r t d i s t a n c e s (mean 395m) t o f i e l d s w h i c h t h e y 
had used on p r e v i o u s n i g h t s ( a d j a c e n t f i e l d s i n t h r e e 
c a s e s ) . One b i r d f l u s h e d from t h e same f i e l d on two s e p a r a t e 
n i g h t s f l e w t o t h e same l o c a t i o n w i t h i n t h e same new f i e l d . 
These f i e l d s were used f o r one t o t h r e e n i g h t s f o l l o w i n g t h e 
d i s t u r b a n c e . 
4.4.3 Evidence f o r s e l e c t i o n between f i e l d s by woodcock a t 
night 
Spot-lamp counts r e v e a l e d s i g n i f i c a n t d i f f e r e n c e s i n 
t h e mean number o f woodcock seen p e r f i e l d , as dem o n s t r a t e d 
i n Chapter 3. The d i f f e r e n c e i n woodcock numbers between 
f i e l d s was c o n f i r m e d by t h e counts on 12 f i e l d s a t 
T r e l o w a r r e n and 24 f i e l d s a t L a n a r t h d u r i n g November and 
December 1991. The mean number o f woodcock p e r f i e l d ranged 
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from 0 t o 7.83 and one-way ANOVAs were s i g n i f i c a n t ; 
T r e l o w a r r e n F=3.38, d f = l l , 7 5 , p<0.01; L a n a r t h F=8.86, 
df=23,69, p<0.01. P l o t s o f t h e number o f woodcock a g a i n s t 
f i e l d s i z e gave l i n e a r r e l a t i o n s h i p s w i t h r 2=0.26 (n=12) a t 
T r e l o w a r r e n and r 2=0.25 (n=24) a t L a n a r t h , s u g g e s t i n g t h a t 
f i e l d s i z e alone o n l y e x p l a i n e d a s m a l l p r o p o r t i o n o f t h e 
v a r i a t i o n i n f i e l d use by woodcock. The d i f f e r e n c e s i n f i e l d 
use were s t i l l s i g n i f i c a n t when based on woodcock d e n s i t y 
per f i e l d ( T r e l o w a r r e n F=3.77, d f = l l , 7 5 , p<0.001; L a n a r t h 
F=4.98, df=23,69, p<0.001) and woodcock d e n s i t y has 
t h e r e f o r e been used t o examine t h e importance o f o t h e r f i e l d 
p a r ameters. 
E x a m i n a t i o n o f t h e spot-lamp counts conducted i n 
November 1992 w i t h r e s p e c t t o t h e use o f d i f f e r e n t f i e l d 
t y p e s by woodcock r e v e a l e d a c l e a r p r e f e r e n c e f o r permanent 
p a s t u r e s (Table 4.4) . The s i g n i f i c a n c e o f f i e l d t y p e w i t h 
r e s p e c t t o t h e a v a i l a b l e i n v e r t e b r a t e biomass and s o i l 
p e n e t r a b i l i t y i s shown i n F i g u r e 4.4. The d e n s i t y and 
biomass o f earthworms and o t h e r s o i l i n v e r t e b r a t e s p e r f i e l d 
were h i g h l y c o r r e l a t e d (earthworms r=0.73, df=19, p<0.001; 
o t h e r s o i l i n v e r t e b r a t e s r=0.73, df=19, p<0.001) and t h e 
p a t t e r n of a v a i l a b l e i n v e r t e b r a t e d e n s i t y a g a i n s t f i e l d t y p e 
were s i m i l a r t o t h o s e f o r biomass. 
The earthworm biomass a v a i l a b l e t o woodcock was h i g h e s t 
i n permanent p a s t u r e b u t a s i m i l a r biomass was p r e s e n t i n 
second-year l e y s . The earthworm biomass i n w i n t e r wheat 
f i e l d s and f i r s t - y e a r l e y s was a p p r o x i m a t e l y h a l f t h a t f o u n d 
i n permanent p a s t u r e and l e y s o l d e r t h a n two y e a r s and t h e 
d i f f e r e n c e between t h e f i v e groups o f f i e l d s was 
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F i g u r e 4„4 D i f f e r e n c e s i n (a) woodcock d e n s i t y , (b) s o i l 
p e n e t r a b i l i t y , ( c ) a v a i l a b l e earthworm biomass and (d) the 
a v i a l a b l e biomass of other s o i l i n v e r t e b r a t e s with f i e l d 
type (1 permanent pasture, 2 g r a s s l e y >2 ye a r s o l d, 3 
second-year l e y , 4 f i r s t - y e a r l e y , 5 winter wheat). 
( E r r o r bars are + l s e ; l e t t e r s i n d i c a t e no s i g n i f i c a n t 
d i f f e r e n c e between p a i r s of v a l u e s i n the Duncan m u l t i p l e 
range t e s t , p>0.05). 
(a) 
Woodcock 
d e n s i t y 
( b i l d s / 
km2) 
" 1 . 
24 -H 












1 2 1 4 5 
n-26 n-12 n-5 n=5 n=4 
F i e l d t y pe 
<b> 
S o i l 
penetra-





1 2 3 4 
n-130 n=50 n-30 n-20 
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1 a 3 4 5 
n-165 n-46 n-52 n-42 n-28 
F i e l d t y pe 
Biomasa 
i n v e r t 
e b z a t e a 
(g/m2) 
1 2 3 4 5 
n-165 n-46 n-S2 n-42 n-28 
F i e l d t y pe 
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Table 4.4 Pr e f e r e n c e i n the t y p e o f f i e l d s s e l e c t e d by-
woodcock f o r f e e d i n g i n C o r n w a l l d u r i n g November 1992. 




no. o f 
woodcock 
Mean 
d e n s i t y o f 
woodcock 
( b i r d s / k m 2 ) 
Permanent p a s t u r e 
Ley >2 y e a r s o l d 
Second-year l e y 
F i r s t - y e a r l e y 







40 . 7 
28 . 7 
16 . 5 
28 . 0 
19 . 67 
3 .16 
1 . 33 
2 . 50 
0 . 67 
26 . 5 
7 . 8 
4 . 6 
15 .2 
2.4 
s t a t i s t i c a l l y s i g n i f i c a n t (one-way ANOVA F=12.99, df=4,328, 
p<0.001). There was a l s o a s i g n i f i c a n t d i f f e r e n c e between 
the f i v e groups o f f i e l d s w i t h r e s p e c t t o t h e a v a i l a b l e 
biomass o f o t h e r s o i l i n v e r t e b r a t e s (F=3.57, df=4,328, 
p<0.01) . Permanent p a s t u r e s u p p o r t e d t h e h i g h e s t biomass o f 
s o i l i n v e r t e b r a t e s o t h e r t h a n earthworms and t h e d i f f e r e n c e 
i n biomass between permanent p a s t u r e and f i r s t - y e a r and 
second-year l e y was s i g n i f i c a n t (as r e v e a l e d by t h e Duncan 
m u l t i p l e range t e s t , F i g u r e 4.4). The f i r s t - y e a r l e y s and 
w i n t e r wheat f i e l d s were s i g n i f i c a n t l y s o f t e r t h a n t h e o t h e r 
f i e l d t y p e s . P l o t s o f woodcock d e n s i t y a g a i n s t s o i l 
p e n e t r a b i l i t y and a v a i l a b l e i n v e r t e b r a t e d e n s i t y and biomass 
f o r 19 g r a s s f i e l d s o f a range o f ages i n 1992 r e v e a l e d t h a t 
woodcock d e n s i t y was most h i g h l y c o r r e l a t e d w i t h t h e d e n s i t y 
o f i n v e r t e b r a t e s o t h e r t h a n earthworms ( s o i l p e n e t r a b i l i t y 
r=-0.37, df=17, N.S.; earthworm d e n s i t y and biomass 
r e s p e c t i v e l y r = - 0 . 0 1 , df=17, N.S. and r = 0 . 2 1 , df=17, N.S.; 
d e n s i t y and biomass o f o t h e r s o i l i n v e r t e b r a t e s r = 0 . 5 1 , 
df=17, p<0.05 and r=0.37, df=17, N.S.). 
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4.4.4 P r e d i c t a b i l i t y of s o i l i n v e r t e b r a t e s w i t h i n f i e l d s 
Of t h e f i v e f i e l d s a t T r e l o w a r r e n from w h i c h m u l t i p l e 
i n v e r t e b r a t e samples were t a k e n f r o m t he same s i t e s , t h e r e 
were no s i g n i f i c a n t d i f f e r e n c e s i n a v a i l a b l e earthworm 
d e n s i t y between sampl i n g dates f o r any o f t h e f i e l d s . There 
was a s i g n i f i c a n t d i f f e r e n c e between s i t e s w i t h i n one o f t h e 
permanent p a s t u r e s and i n t h e f i r s t - y e a r l e y and w i n t e r 
wheat f i e l d s (Table 4.5) . T h i s suggested t h a t earthworms 
were l e s s p a t c h i l y d i s t r i b u t e d w i t h i n t h e o l d e r g r a s s f i e l d s 
t h a n i n t h e f i r s t - y e a r l e y and w i n t e r wheat f i e l d s . The 
o t h e r s o i l i n v e r t e b r a t e s o c c u r r e d a t f a r l o w e r a v a i l a b l e 
d e n s i t i e s t h a n earthworms and t h e r e were no s i g n i f i c a n t 
d i f f e r e n c e s between sampl i n g s i t e s o r dates i n any o f t h e 
f i e l d s (Table 4.5) . The mean c o e f f i c i e n t o f v a r i a t i o n f o r 
earthworm d e n s i t y w i t h i n t h e gr a s s f i e l d s was s i g n i f i c a n t l y 
l o w e r t h a n t h a t f o r o t h e r s o i l i n v e r t e b r a t e s (earthworms 
0.50+0.04 (±se), n=19 f i e l d s ; o t h e r i n v e r t e b r a t e s 
1.45±0.16 (+ s e ) , n=19 f i e l d s ; p a i r e d t - t e s t t=6.12, df=18, 
p<0.001) . T h i s suggests t h a t t h e r e was g r e a t e r v a r i a b i l i t y 
i n t h e number o f i n v e r t e b r a t e s o t h e r t h a n earthworms between 
i n d i v i d u a l samples and t h a t t h e i n t e n s i t y o f sampli n g was 
p r o b a b l y n o t s u f f i c i c e n t t o d e t e c t any d i f f e r e n c e s i n 
d e n s i t y between t h e t h r e e random s i t e s w i t h i n f i e l d s . 
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Table 4.5 S p a t i a l and t e m p o r a l p r e d i c t a b i l i t y o f a v a i l a b l e 
s o i l i n v e r t e b r a t e d e n s i t y (no./m 2) w i t h i n f i e l d s , 
T r e l o w a r r e n 1992 (one-way ANOVAs). 
Three samples were t a k e n a t each o f t h e s i t e s w i t h i n t h e 
permanent p a s t u r e s and t h e w i n t e r wheat f i e l d on two da t e s 
(3 0 November and 10 December) . Three samples were t a k e n a t 
each s i t e i n t h e two grass l e y s on t h r e e dates (24 November, 
30 November and 10 December). 
F i e l d Random Mean d e n s i t y F Mean a v a i l a b l e F 
t y p e s i t e o f a v a i l a b l e d e n s i t y o f o t h e r 
( + no. o f earthworms per i n v e r t e b r a t e s 
s amples) s i t e (±se) (>2mm) p e r 
s i t e (±se) 
Permanent 1 (6) 991 ±140 F=4.69 43 8 ±16 . 2 F=0.18 
p a s t u r e 2 (6) 824 ±155 df=2,15 43 8 ±16 . 2 df=2,15 
( f i e l d 1) 3 (6) 465 ± 50 p<0.05 61 4 ±34 . 4 N.S. 
Permanent 1 (6) 675 ± 75 F=0.26 35 1 ±11 • 1 F=2.50 
p a s t u r e 2 (6) 622 ± 97 df=2,15 8 8 ± 8. 8 df=2,15 
( f i e l d 2) 3 (6) 596 ± 57 N.S. 8 8 ± 8 . 8 N.S. 
Second- 1(9) 573 ± 60 F=l.16 5 8 ± 5. 8 F=0.68 
ye a r l e y 2 (9) 713 + 63 df=2,24 23 4 ±12 . 7 df=2,24 
3 (9) 812 + 173 N.S. 17 5 ±12 . 4 N.S. 
F i r s t - 1(9) 357 ± 34 F=7.80 5 8 ± 5. 8 F=0.56 
ye a r l e y 2 (9) 520 ± 75 df=2,24 17 5 ±12 . 4 df=2,24 
3 (9) 234 ± 35 p<0.01 23 4 ±15 . 5 N.S. 
W i n t e r 1(6) 386 ± 78 F=8.10 26 .3 ±18 . 0 F=0.57 
wheat 2 (6) 517 ± 46 df=2,15 26 .3 ±11 • 8 df=2,15 
3 (6) 175 ± 54 p<0.01 8 . 8 ± 8. 8 N.S. 
D i f f e r e n c e s between dates a l l n o n - s i g n i f i c a n t , f o r example: 
W i n t e r 30 Nov(9) 403 ± 68 F=0.85 17 . 5 ± 8 . 8 F=0.14 
wheat 10 Dec(9) 316 ± 67 df=1,16 23 .4 ±12 . 7 d f = 1,16 
N.S.. N.S. 
4.4.5 D i f f e r e n c e s between f i e l d s s e l e c t e d and avoided by 
feeding woodcock 
D u r i n g t h e spot-lamp counts i n November and December 
1990-1992, woodcock were seen on gr a s s f i e l d s r a n g i n g f r o m 
0.7-22.6ha i n s i z e , and t h e r e was no s u g g e s t i o n t h a t t h e 
s m a l l f i e l d s (<2.0ha) were avoided. A comparison o f t h e 
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number o f woodcock seen on a l l t h e g r a s s f i e l d s a t 
T r e l o w a r r e n and L a n a r t h t h a t were counted a t l e a s t t w i c e , 
r e v e a l e d no s i g n i f i c a n t d i f f e r e n c e s i n r e l a t i o n t o f i e l d 
s i z e i n any year (Table 4.6). 
Table 4.6 Use o f grass f i e l d s by f e e d i n g woodcock d u r i n g 
November and December 1990-1992 i n r e l a t i o n t o t h e i r s i z e . 
Each f i e l d was counted t w i c e d u r i n g mid-November t o mid-
December. The expected number o f woodcock i s based on t h e 
area o f t h e f i e l d s searched. 
Year F i e l d Number o f T o t a l area Number o f Expected 
s i z e f i e l d s o f f i e l d s woodcock number o f 
(ha) searched searched (ha) seen d u r i n g woodcock 
2 counts o f 
each f i e l d 
1990 <4 . 0 10 28 . 5 20 22 2 
4.1-8. 0 9 51 7 40 40 . 3 
>8 . 0 4 52 0 43 40 . 5 
X 2=0.38, d f = 2, N. S . 
1991 <4 . 0 14 42 6 20 13 1 
4.1-8. 0 12 65 4 20 20 . 0 
>8 . 0 8 110 6 27 33 . 9 
X 2=5.04, d f = 2, N. S. 
1992 <4 . 0 10 33 6 11 10 9 
4.1-8 . 0 7 42 . 5 14 13 . 7 
>8 . 0 8 103 5 33 33 . 4 
X 2=0.01, d f = 2, N S . 
Comparison o f permanent p a s t u r e s and o l d l e y s (>2 y e a r s 
i n g r a s s ) t h a t were used by woodcock ( b i r d s p r e s e n t on 100% 
and 33-75% o f spot-lamp counts) and avo i d e d (woodcock never 
seen d u r i n g spot-lamp counts) r e v e a l e d s i g n i f i c a n t 
d i f f e r e n c e s i n g r a s s l e n g t h , s o i l p e n e t r a b i l i t y and t h e 
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d e n s i t y and biomass o f i n v e r t e b r a t e s o t h e r t h a n earthworms 
t h a t were a v a i l a b l e t o woodcock (Table 4.7) . However, a p a r t 
f r o m t h e s i g n i f i c a n t one-way ANOVA f o r grass l e n g t h (F=4.60, 
df=2,14, p<0.05), t h e r e was no l o g i c a l p a t t e r n t o t h e f i e l d 
use by woodcock i n r e l a t i o n t o grass l e n g t h . The Duncan 
m u l t i p l e range t e s t r e v e a l e d t h a t t h e gra s s l e n g t h f o r 
f i e l d s i n t h e 100% use c a t e g o r y was n o t s i g n i f i c a n t l y 
d i f f e r e n t from t h a t f o r t h e f i e l d s t h a t were c o m p l e t e l y 
a v o i d e d . The s o i l was s i g n i f i c a n t l y s o f t e r i n t h e f i e l d s 
t h a t were a v o i d e d t h a n i n t h e two s e t s o f f i e l d s t h a t were 
used by woodcock, these h a v i n g s i m i l a r s o f t n e s s . The 
d i f f e r e n c e s i n t h e d e n s i t y and biomass o f i n v e r t e b r a t e s 
o t h e r t h a n earthworms between t h e t h r e e groups o f f i e l d s 
were as expected i f t h e woodcock f e d on t h e f i e l d s i n 
r e l a t i o n t o t h e a v a i l a b i l i t y o f t h i s f o o d source. 
There was no s i g n i f i c a n t d i f f e r e n c e i n t h e a v a i l a b l e 
earthworm d e n s i t y o r biomass between each c a t e g o r y o f 
f i e l d s , b u t comparison o f t h e biomass w i t h t h e d e n s i t y f o r 
each o f t h e t h r e e groups o f f i e l d s i n d i c a t e d t h a t t h e 
earthworms i n t h e f i e l d s used by t h e woodcock were h e a v i e r 
and t h e r e f o r e l a r g e r (Table 4.7). T h i s was c o n f i r m e d by t h e 
w e i g h t s o f i n d i v i d u a l earthworms from each o f t h e t h r e e 
groups o f f i e l d s . I n f i e l d s where woodcock were p r e s e n t on 
100% o f v i s i t s each earthworm averaged 141±8mg (mean wet 
we i g h t ±se, n=267). I n f i e l d s where woodcock were p r e s e n t on 
33-75% o f v i s i t s t h e mean w e i g h t was 194±18mg (n=165) and i n 
f i e l d s where woodcock were absent t h e mean w e i g h t was 
112±5mg (n=369) (one-way ANOVA F=19.68, df=2,798, p<0.001). 
However, t h e mean w e i g h t o f earthworms f r o m f i e l d s t h a t were 
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Table 4.7 Comparison o f o l d l e y s (>2 years i n grass) and 
permanent p a s t u r e s used by f e e d i n g woodcock w i t h those t h a t 
were a v o i d e d d u r i n g November and December 1992 (one-way 
ANOVAs). 
F i g u r e s are t h e mean (±se) f o r each v a r i a b l e . L e t t e r s denote 
v a l u e s t h a t a r e not s i g n i f i c a n t l y d i f f e r e n t a c c o r d i n g t o t h e 
Duncan m u l t i p l e range t e s t (p>0.05). 
V a r i a b l e Percent o f v i s i t s on which 
woodcock were p r e s e n t 
100% 33-75% 0% 
(n=5 (n=5 (n=7 
f i e l d s ) f i e l d s ) f i e l d s ) 
F-value 
and 
s i g n i f -
i c a n c e 
Grass l e n g t h (mm) 9.4 
a, Jb 




±1. 0 F=4,60 
df=2,14 
p<0 . 05 
S o i l p e n e t r a -
b i l i t y (mm) 
105 
a 




±4 F=6 . 09 
df=2,14 
p<0.05 






















D e n s i t y o f o t h e r 










p<0 . 05 
Biomass o f o t h e r 
i n v e r t e b r a t e s 
(g/m 2) 
0.87±0.15 0.61±0.16 
a a, b 
0.29±0.09 F=5.49 
b df=2,14 
p<0 . 05 
used i n t e r m i t t e n t l y by t h e woodcock was g r e a t e r t h a n t h a t 
f r o m t h e f i e l d s t h a t were used on a l l v i s i t s , and t h e Duncan 
m u l t i p l e range t e s t r e v e a l e d t h a t a l l t h r e e mean w e i g h t s 
were s i g n i f i c a n t l y d i f f e r e n t from each o t h e r . The d i f f e r e n c e 
i n t h e mean w e i g h t o f t h e earthworms i n each o f t h e groups 
of f i e l d s c o u l d be a t t r i b u t e d t o t h e d i f f e r e n c e i n t h e 
d e n s i t y o f Lumbricus terrestris. The mean d e n s i t y i n f i e l d s 
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where woodcock were p r e s e n t on 100% of v i s i t s was 
99 + 19 Lumbricus terrestris/m2 (±se, n=36 samples) ; t h e mean 
d e n s i t y i n f i e l d s where woodcock were p r e s e n t on 33-75% o f 
v i s i t s was 132+25m~ 2 ( + se, n=30 samples) and i n f i e l d s where 
woodcock were absent i t was 49±8m~ 2 (±se, n=45 samples). 
A one-way ANOVA r e v e a l e d a s i g n i f i c a n t d i f f e r e n c e i n t h e 
d e n s i t y o f Lumbricus terrestris between t h e groups o f f i e l d s 
(F=6.20, df=2,108, p<0.01), b u t t h e Duncan m u l t i p l e range 
t e s t showed t h a t t h e d e n s i t i e s i n t h e two s e t s o f f i e l d s 
t h a t were v i s i t e d by woodcock were n o t s i g n i f i c a n t l y 
d i f f e r e n t . 
C l e a r l y , earthworms were p r e s e n t a t f a r h i g h e r 
a v a i l a b l e d e n s i t i e s t h a n t h e o t h e r s o i l i n v e r t e b r a t e s and 
th e r e l e v a n c e t o woodcock o f t h e d i f f e r e n c e s i n t h e d e n s i t y 
o f t h e s e o t h e r i n v e r t e b r a t e s between f i e l d s depends upon 
t h e i r i mportance i n t h e d i e t r e l a t i v e t o earthworms. 
Stomachs f r o m woodcock shot d u r i n g d a y l i g h t hours i n 
C o r n w a l l suggest t h a t l e a t h e r j a c k e t s ( T i p u l i d a e l a r v a e ) a r e 
more i m p o r t a n t i n t h e d i e t t h a n earthworms, b o t h n u m e r i c a l l y 
and i n terms o f biomass, and t h a t earthworms o n l y comprise a 
r e l a t i v e l y s m a l l p r o p o r t i o n o f t h e t o t a l d i e t (Table 4.8) . 
The numbers o f animals b e l o n g i n g t o "each p r e y t a x o n were n o t 
c o r r e c t e d f o r d i f f e r e n t r a t e s o f d i g e s t i b i l i t y because most 
o f t h e a n i m a l s , i n c l u d i n g some earthworms, were i n t a c t . The 
p r o p o r t i o n o f earthworms may be u n d e r e s t i m a t e d because t h e y 
are l i k e l y t o be d i g e s t e d f a s t e r t h a n any o f t h e o t h e r 
groups and t h e number o f animals was p a r t l y e s t i m a t e d f r o m 
t h e number o f chaetae. 
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Table 4.8 E s t i m a t e d f r e q u e n c i e s o f i n v e r t e b r a t e s i n t h e d i e t 
o f woodcock w i n t e r i n g i n C o r n w a l l , assessed by means o f 
stomach a n a l y s i s (G. H i r o n s , u n p u b l i s h e d d a t a ; n=71 
stomachs). 
Number o f % o f Mean d r y % o f t o t a l 
Prey t a x o n i n d i v i d u a l s t o t a l w e i g h t d r y w e i g h t 
n of n per t a x o n 
(mg) 
L u m b r i c i d a e 83* 17 , 0 31. 4 28 . 5 
Scarabaeidae ( a d u l t ) 2 0 . 4 11. 6 0.3 
Carabidae ( a d u l t ) 24 4 . 9 26 . 9 7 . 1 
S t a p h y l i n i d a e ( a d u l t ) 21 4 . 3 4 . 1 0 . 9 
Other a d u l t C o l e o p t e r a 5 1. 0 1. 0 0 .1 
C o l e o p t e r a l a r v a e 3 0 . 6 9 , 0 0 . 3 
Dermaptera 25 5 . 1 9 . 0 2 . 5 
D i p l o p o d a & Chilopoda 43 8 . 8 29 . 4 13 . 8 
O n i s c o i d e a 2 0 . 4 8 . 9 0 . 2 
T i p u l i d a e l a r v a e 261 53 . 6 16 . 0 45 . 7 
Other D i p t e r a l a r v a e 18 3 . 7 3 . 0 0 . 6 
*The number o f earthworms was e s t i m a t e d from t h e number o f 
i n t a c t a nimals and t h e number o f chaetae on t h e b a s i s t h a t 
t h e r e were 1080 chaetae per earthworm ( t h e mean o f e s t i m a t e s 
made by Bouche & Gardner (1984) n=966 chaetae p e r worm, 
Wroot (1985) n=1080 chaetae per worm and Green & T y l e r 
(1989) n=1191 chaetae p e r worm). 
4.4.6 The r e l a t i v e importance of prey a v a i l a b i l i t y and other 
f i e l d parameters i n determining the choice of p a r t i c u l a r 
f i e l d s f o r feeding by woodcock 
The s i m p l e c o r r e l a t i o n s between mean woodcock d e n s i t y 
and t h e independent f i e l d v a r i a b l e s f o r 1991 and 1992 are 
g i v e n i n Table 4.9. Among t h e independent v a r i a b l e s , t h e 
f i e l d p e r i m e t e r was s i g n i f i c a n t l y c o r r e l a t e d (p<0.05) w i t h 
f i e l d s i z e i n b o t h y e a r s and t h e d i s t a n c e t o t h e n e a r e s t 
woodland was s i g n i f i c a n t l y c o r r e l a t e d w i t h t h e f i e l d 
p e r i m e t e r and t h e percentage o f woodland i n t h e f i e l d 
boundary. I n 1991, s o i l m o i s t u r e was s i g n i f i c a n t l y 
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Table 4.9 C o r r e l a t i o n c o e f f i c i e n t s between woodcock d e n s i t y 
and t h e independent f i e l d v a r i a b l e s (1991, n=12 f i e l d s ; 
1992, n=20 f i e l d s ) . 
C r i t i c a l v a l u e s (p<0.05, t w o - t a i l e d ) ; 1991 r=0.576, 1992 
r=0.444; * denotes a s i g n i f i c a n t c o r r e l a t i o n c o e f f i c i e n t . 
Simple 
Independent c o r r e l a t i o n 
v a r i a b l e c o e f f i c i e n t , r 
1991 1992 
F i e l d s i z e (ha) 0 305 0 302 
L ength o f f i e l d p e r i m e t e r -0 023 0 . 230 
Percentage hedgerow i n boundary 0 122 -0 . 028 
Percentage woodland i n boundary -0 220 0 270 
D i s t a n c e t o t h e n e a r e s t wood -0 175 -0 . 190 
F i e l d t y p e -0 .271 0 .299 
G r a z i n g i n t e n s i t y -0 209 -0 . 201 
Grass l e n g t h (mm) - -0 . 132 
S o i l m o i s t u r e - 0 .251 
S o i l p e n e t r a b i l i t y (mm) 0 .282 -0 .248 
Earthworm d e n s i t y (no./m 2) 0 705* -0 . 075 
Earthworm biomass (g/m 2) 0 397 0 110 
D e n s i t y o f o t h e r i n v e r t e b r a t e s (no./m 2) 0 568 0 459 
Biomass o f o t h e r i n v e r t e b r a t e s (g/m 2) 0 349 0 347 
p o s i t i v e l y c o r r e l a t e d w i t h s o i l p e n e t r a b i l i t y and t h e 
d i s t a n c e t o t h e n e a r e s t woodland and s i g n i f i c a n t l y 
n e g a t i v e l y c o r r e l a t e d w i t h t h e p e r c e n t a g e woodland i n t h e 
f i e l d boundary. I n 1992, s o i l m o i s t u r e was s i g n i f i c a n t l y 
p o s i t i v e l y c o r r e l a t e d w i t h f i e l d s i z e and f i e l d p e r i m e t e r , 
i m p l y i n g t h a t l a r g e r f i e l d s were w e t t e r . S o i l p e n e t r a b i l i t y 
and f i e l d t y p e were s i g n i f i c a n t l y n e g a t i v e l y c o r r e l a t e d i n 
1991 and s i g n i f i c a n t l y p o s i t i v e l y c o r r e l a t e d i n 1992. 
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The i n v e r t e b r a t e p r e y a v a i l a b i l i t y was b o t h expected 
and f o u n d t o be one of t h e most i m p o r t a n t f a c t o r s 
d e t e r m i n i n g w h i c h f i e l d s the woodcock v i s i t e d a t n i g h t , and 
t h e earthworm d e n s i t y and t h e d e n s i t y o f o t h e r s o i l 
i n v e r t e b r a t e s were t h e o n l y two independent v a r i a b l e s 
s i g n i f i c a n t l y c o r r e l a t e d w i t h woodcock d e n s i t y i n e i t h e r 
y e a r . The a v a i l a b l e d e n s i t i e s o f earthworms and o t h e r s o i l 
i n v e r t e b r a t e s were n o t s i g n i f i c a n t l y c o r r e l a t e d i n e i t h e r 
y e ar (1991 r=0.43, df=10, N.S.; 1992 r=0.07, df=18, N.S.) 
and t h e s e l e c t i o n o f one o f these v a r i a b l e s i n t h e m u l t i p l e 
r e g r e s s i o n a n a l y s i s would n o t have had much i n f l u e n c e on t h e 
p o s s i b l e s e l e c t i o n o f t h e o t h e r . 
The independent v a r i a b l e s were e n t e r e d i n t o t h e 
s t e p w i s e l i n e a r r e g r e s s i o n w i t h p=0.05 t o e n t e r and p=0.10 
t o remove. The d e n s i t y o f woodcock p e r f i e l d was b e s t 
p r e d i c t e d by a v a i l a b l e earthworm d e n s i t y i n 1991 and t h e 
a v a i l a b l e d e n s i t y o f o t h e r s o i l i n v e r t e b r a t e s i n 1992 
(Table 4.10). I n b o t h y e a r s , however, these f a c t o r s o n l y 
accounted f o r a s m a l l p r o p o r t i o n o f t h e v a r i a t i o n i n 
woodcock d e n s i t y between f i e l d s , and a l a r g e p r o p o r t i o n o f 
t h e v a r i a t i o n , p a r t i c u l a r l y i n 1992, c o u l d n o t be accounted 
f o r by any o f t h e parameters measured i n t h i s s t u d y . I n 
n e i t h e r y e a r was more t h a n one f a c t o r f o u nd t o be 
s i g n i f i c a n t . 
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Table 4.10 Summary o f t h e r e s u l t s o f t h e s t e p w i s e r e g r e s s i o n 
a n a l y s e s o f woodcock d e n s i t y (no./km 2) a g a i n s t t h e 
independent f i e l d v a r i a b l e s (PIN=0.05, POUT=0.10). 
V a r i a b l e C o e f f i c i e n t se t r 2 
1991 
Constant -6 . 069 8 . 088 - -
Earthworm d e n s i t y (no./m 2) 0 . 047 0 015 3 . 14 0 .497 
1992 
Constant 3 .589 5 . 187 - -
D e n s i t y o f o t h e r 
i n v e r t e b r a t e s (no /m2) 0 .450 0 206 2 .19 0 .210 
Because t h e a v a i l a b l e d e n s i t i e s o f earthworms and o t h e r 
s o i l i n v e r t e b r a t e s i n each f i e l d were n o t s i g n i f i c a n t l y 
c o r r e l a t e d , f i e l d s t h a t had h i g h d e n s i t i e s o f a v a i l a b l e 
earthworms i n 1991 were n o t expec t e d t o have h i g h d e n s i t i e s 
o f o t h e r s o i l i n v e r t e b r a t e s i n 1992. I f t h e woodcock were 
s e l e c t i n g d i f f e r e n t t y p e s o f i n v e r t e b r a t e p r e y i n each y e a r , 
t h e r e f o r e , t h e y would be expected t o v i s i t d i f f e r e n t f i e l d s . 
The n u l l h y p o t h e s i s t h a t t h e woodcock v i s i t e d t h e same 
f i e l d s t o t h e same e x t e n t i n b o t h y e a r s was t e s t e d by 
p l o t t i n g t h e woodcock d e n s i t y f o r 16 f i e l d s i n 1991 a g a i n s t 
t h e woodcock d e n s i t y f o r t h e same f i e l d s i n 1992 and 
comparing t h e slope o f t h e r e g r e s s i o n w i t h t h a t expected, 
a l l o w i n g f o r t h e d i f f e r e n c e i n o v e r a l l d e n s i t y between t h e 
two y e a r s . The o v e r a l l d e n s i t y o f woodcock i n t h e s t u d y area 
i n 1992 (13.2 b i r d s / k m 2 ) was l o w e r t h a n i n 1991 
(20.5 b i r d s / k m 2 ) , such t h a t t h e s l o p e expected i f t h e same 
f i e l d s were used i n b o t h y e a r s was b=0.644 . The r e g r e s s i o n 
o f t h e woodcock d e n s i t i e s i n t h e 16 f i e l d s i n 1991 a g a i n s t 
those i n 1992 was examined and f o u n d t o be l i n e a r . The s l o p e 
139 
(0.302+0.287 + se) was not s i g n i f i c a n t l y d i f f e r e n t f rom 
b=0.644 (t=1.19, df=14, N.S.), b u t t h e r e was no s i g n i f i c a n t 
c o r r e l a t i o n between t h e woodcock d e n s i t i e s i n t h e two y e a r s 
(r=0.27, df=14, N.S.). T h i s suggests t h a t some, b u t n o t a l l , 
o f t h e f i e l d s s e l e c t e d by t h e woodcock were d i f f e r e n t i n 
each y e a r . 
I t i s p o s s i b l e t h a t t h e woodcock were n o t s e l e c t i n g 
f i e l d s s o l e l y on t h e b a s i s o f a v a i l a b l e earthworm d e n s i t y o r 
the a v a i l a b l e d e n s i t y o f o t h e r s o i l i n v e r t e b r a t e s , b u t on 
t h e c o m b i n a t i o n o f t h e i r r e l a t i v e abundances. I n o r d e r t o 
t e s t t h i s , an i n d e x o f t h e r e l a t i v e a v a i l a b i l i t y o f each 
p r e y t y p e i n each f i e l d was d e r i v e d by e x p r e s s i n g t h e 
d e n s i t y i n each f i e l d i n terms of t h e s t a n d a r d e r r o r o f t h e 
mean d e n s i t y f o r a l l t h e f i e l d s . Assuming t h a t earthworms 
and o t h e r s o i l i n v e r t e b r a t e s were e q u a l l y i m p o r t a n t t o t h e 
woodcock, an i n d e x o f t h e a v a i l a b i l i t y o f t h e combined p r e y 
t y p e s was o b t a i n e d by adding t h e i n d i c e s f o r each. P l o t t i n g 
t he t h r e e i n d i c e s a g a i n s t woodcock d e n s i t y i n each y e a r 
r e v e a l e d t h a t t h e a v a i l a b i l i t y o f t h e combined p r e y t y p e s 
e x p l a i n e d t h e woodcock d i s t r i b u t i o n between f i e l d s s l i g h t l y 
b e t t e r t h a n a v a i l a b l e earthworm d e n s i t y a l o n e i n 1991 
(earthworms and o t h e r s o i l i n v e r t e b r a t e s r=0.75, earthworms 
alone r = 0 . 7 1 ) , b u t e x p l a i n e d t h e woodcock d i s t r i b u t i o n i n 
1992 no b e t t e r t h a n t h e a v a i l a b l e d e n s i t y o f o t h e r s o i l 
i n v e r t e b r a t e s (earthworms and o t h e r s o i l i n v e r t e b r a t e s 
r=0.26, o t h e r s o i l i n v e r t e b r a t e s alone r = 0 . 4 6 ) . A m u l t i p l e 
r e g r e s s i o n e q u a t i o n based on t h e i n d e x o f a v a i l a b i l i t y o f 
b o t h p r e y t y p e s i n 1991 o n l y accounted f o r an a d d i t i o n a l 7% 
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of t h e v a r i a t i o n i n woodcock d e n s i t y compared w i t h t h e 
e q u a t i o n f o r a v a i l a b l e earthworm d e n s i t y . 
The most l i k e l y e x p l a n a t i o n f o r t h e f a c t t h a t t h e 
c h o i c e o f f i e l d s i n which t o f e e d by t h e woodcock was based 
on earthworm d e n s i t y i n 1991 and on t h e d e n s i t y o f o t h e r 
s o i l i n v e r t e b r a t e s i n 1992 i s t h e d i f f e r e n c e i n t h e wetness 
of f i e l d s between y e a r s , which caused a d i f f e r e n c e i n t h e 
r e l a t i v e abundance o f earthworms and o t h e r s o i l 
i n v e r t e b r a t e s . The d e n s i t y o f a v a i l a b l e earthworms i n g r a s s 
f i e l d s was s i g n i f i c a n t l y h i g h e r i n 1992 (mean earthworm 
d e n s i t y (no./m 2 + se) ; 1991 502±27, n=177; 1992 584±23, 
n=217; t=2.33, df=392, p<0.05) whereas t h e a v a i l a b l e d e n s i t y 
o f o t h e r s o i l i n v e r t e b r a t e s was s i g n i f i c a n t l y g r e a t e r i n 
1991 (mean d e n s i t y o f o t h e r i n v e r t e b r a t e s (no./m 2 ±se) ; 1991 
70±17, n=177; 1992 22±3, n=217; t=3.09, df=392, p<0.01). 
The r a i n f a l l i n C o r n w a l l d u r i n g November and December 
1992 was a p p r e c i a b l y h i g h e r t h a n d u r i n g November and 
December 1991 and t h i s r e s u l t e d i n t h e f i e l d s b e i n g 
s i g n i f i c a n t l y s o f t e r i n 1992 (mean s o i l p e n e t r a b i l i t y (±se) 
i n g r a s s f i e l d s ; 1991 84±lmm, n=372; 1992 107±2mm, n=130; 
t=11.0, df=500, p<0.001). As a consequence, b o t h earthworm 
d e n s i t y and t h e d e n s i t y o f o t h e r s o i l i n v e r t e b r a t e s i n t h e 
o l d e r g r a s s f i e l d s (>2 years i n grass) were p o s i t i v e l y 
c o r r e l a t e d w i t h s o i l p e n e t r a b i l i t y i n 1991 (earthworm 
d e n s i t y r=0.56, df = 7 , N.S.; d e n s i t y o f o t h e r i n v e r t e b r a t e s 
r=0.73, d f = 7 , p<0.05), whereas i n 1992 earthworm d e n s i t y was 
p o s i t i v e l y c o r r e l a t e d w i t h s o i l p e n e t r a b i l i t y (r=0.49, 
df=15, p<0.05) but t h e d e n s i t y o f o t h e r s o i l i n v e r t e b r a t e s 
was n e g a t i v e l y c o r r e l a t e d w i t h s o i l p e n e t r a b i l i t y (r=-0.45, 
141 
d f = 15, N.S.) . I n 1991 i t would t h e r e f o r e have been more 
p r o f i t a b l e f o r t h e woodcock t o f e e d i n t h e w e t t e r f i e l d s , 
w h i l s t i n 1992 t h e a v a i l a b i l i t y o f s o i l i n v e r t e b r a t e s 
decreased w i t h i n c r e a s e d wetness, and i t would have been 
more p r o f i t a b l e f o r the woodcock t o f e e d i n t h e d r i e r f i e l d s 
because earthworms were s t i l l a v a i l a b l e i n these f i e l d s a t 
as h i g h d e n s i t i e s as i n t h e w e t t e r f i e l d s i n 1991. The 
s i m p l e c o r r e l a t i o n c o e f f i c i e n t s between woodcock d e n s i t y and 
s o i l p e n e t r a b i l i t y i n 1991 (r=0.282, df=10, N.S.) and 1992 
(r=-0.248, df=18, N.S.) c o n f i r m t h a t t h e woodcock d i d f e e d 
i n t h e w e t t e r f i e l d s i n 1991 and t h e d r i e r f i e l d s i n 1992. 
4.4.7 Choice of feeding s i t e w i t h i n f i e l d s by woodcock 
There was no s u g g e s t i o n t h a t woodcock s e l e c t e d 
p a r t i c u l a r areas w i t h i n f i e l d s f o r f e e d i n g on t h e b a s i s o f 
p r e y a v a i l a b i l i t y . P a i r e d t - t e s t s on t h e d a t a f r o m t h e 15 
p a i r s o f f e e d i n g and random s i t e s w i t h i n permanent p a s t u r e s 
and o l d l e y s (>2 years i n gr a s s ) were n o t s i g n i f i c a n t w i t h 
r e s p e c t t o earthworm d e n s i t y ( f e e d i n g l o c a t i o n s 
579±76m"2 (±se), random l o c a t i o n s 665±74m~2 (±se); t=1.25, 
df=14, N.S.), t h e d e n s i t y o f o t h e r s o i l i n v e r t e b r a t e s 
( f e e d i n g l o c a t i o n s 55+18m"2 (±se), random l o c a t i o n s 58±18m~2 
(±se) ; t = 0.17, d f = 14, N.S.) o r s o i l p e n e t r a b i l i t y ( f e e d i n g 
l o c a t i o n s 100+3mm (±se), random l o c a t i o n s 100±2mm (±se); 
t=0.19, df=14, N.S.). I n d i v i d u a l t - t e s t s f o r each o f t h e 15 
p a i r s o f s i t e s r e v e a l e d no more s i g n i f i c a n t d i f f e r e n c e s f o r 
any o f t h e t h r e e v a r i a b l e s t h a n would be expe c t e d by chance. 
The woodcock e x h i b i t e d a c l e a r tendency t o a v o i d t h e 
edges o f f i e l d s , p a r t i c u l a r l y t h e outermost 20m, when 
142 
f e e d i n g a t n i g h t . Only 4% o f t h e woodcock expected on t h e 
b a s i s o f area, d u r i n g spot-lamp counts and r a d i o t r a c k i n g 
combined, were r e c o r d e d i n a 10m wide s t r i p around t h e edge 
o f each f i e l d and o n l y 3 1 % o f t h e woodcock expected were 
r e c o r d e d 10-20m from t h e f i e l d edge (Table 4.11). 
Table 4.11 Avoidance o f f i e l d edges by woodcock w h i l s t 
f e e d i n g a t n i g h t . 
D i s t a n c e from C e n t r a l 
f i e l d boundary area o f 
0-10m 10-20m 20-30m f i e l d 
Spot-lamp counts (16 f i e l d s , 131ha) 
Woodcock seen 0 7 19 102 X 2=46.8 
Woodcock expected 21.3 20.0 18.7 68.0 df=3 
p<0 . 001 
% o f woodcock 0 35 102 150 
ex p e c t e d seen 
R a d i o t r a c k i n g (16 f i e l d s , 109ha) 
R a d i o l o c a t i o n s 2 6 23 114 X 2=48.7 
Number expe c t e d 24.1 22.2 20.4 78.3 df=3 
p<0.001 
% o f woodcock 8 27 113 146 
ex p e c t e d seen 
There are two p o s s i b l e reasons why f i e l d edges were 
a v o i d e d by t h e woodcock. I t c o u l d have been due t o reduced 
d e n s i t i e s o f a v a i l a b l e s o i l i n v e r t e b r a t e s near t o f i e l d 
b o u n d a r i e s o r i t c o u l d have been a means o f a v o i d i n g f o x e s 
Vulpes vulpes, which were numerous a t b o t h T r e l o w a r r e n and 
L a n a r t h . Comparison o f a v a i l a b l e i n v e r t e b r a t e d e n s i t i e s 
w i t h i n 20m o f f i e l d b o u n d a r i e s and i n t h e c e n t r e o f f i e l d s 
s uggested no s i g n i f i c a n t r e d u c t i o n a t t h e edges o f f i e l d s 
(Table 4.12) . 
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Table 4.12 Comparison o f t h e a v a i l a b l e earthworm d e n s i t y and 
t h e a v a i l a b l e d e n s i t y o f o t h e r s o i l i n v e r t e b r a t e s near t h e 
c e n t r e o f f i e l d s and w i t h i n 20m o f f i e l d b o u n d a r i e s (one-way 
ANOVAs). 
Three f i e l d s were examined; f i e l d s 1 and 2 were permanent 
p a s t u r e s , f i e l d 3 was a f i r s t - y e a r l e y . 
F i e l d , Mean F-value Mean a v a i l a b l e F-value 
p o s i t i o n a v a i l a b l e d e n s i t y o f 
and number d e n s i t y o f o t h e r s o i l 
o f samples earthworms i n v e r t e b r a t e s 
(no./m 2 ±se) (no./m 2 ±se) 
1 Centre (n=18) 666 ±52 F=0.26 8.8 + 4.8 F=9.75 
Edge (n=12) 627 ±54 d f = l , 2 8 35.1 ± 7.5 d f = l , 2 8 
N.S. p<0.01 
2 Centre ( n = l l ) 1090 ±92 F=22.82 47.8 +15.0 F=0.18 
Edge (n=6) 465 ±50 d f = l , 1 5 61.4 ±34.4 d f = l , 1 5 
p<0.001 N.S. 
3 Centre (n=18) 213 ±29 F=14.51 11.7 + 8.0 F=0.10 
Edge (n=24) 419 ±41 d f = l , 4 0 8.8 ± 5.2 d f = l , 4 0 
p<0.001 N.S. 
4.5 DISCUSSION 
The r a d i o t a g g e d woodcock i n t h i s s t u d y behaved 
s i m i l a r l y t o those m o n i t o r e d by H i r o n s & B i c k f o r d - S m i t h 
(1983) and o n l y f l e w s h o r t d i s t a n c e s t o f i e l d s t o f e e d a t 
n i g h t . Each o f t h e woodcock v i s i t e d between one and f o u r 
f i e l d s d u r i n g t h e 21 day p e r i o d o f r a d i o t r a c k i n g and t h e y 
g e n e r a l l y remained w i t h i n an area o f 0.5-1.0ha i n t h e chosen 
f i e l d f o r t h e e n t i r e n i g h t (median f i e l d s i z e a t T r e l o w a r r e n 
and L a n a r t h 4.5ha). 
Woodcock may s e l e c t p a r t i c u l a r f i e l d s a t n i g h t on t h e 
b a s i s o f f o u r f a c t o r s : 1. t h e s i z e o f t h e f i e l d , 2. 
s t r u c t u r a l f e a t u r e s , such as g r a s s l e n g t h and t h e degree t o 
w h i c h t h e f i e l d i s s h e l t e r e d by hedgerows o r woodland, 3 . 
t h e t y p e o f f i e l d and 4. f o o d a v a i l a b i l i t y . The a b s o l u t e 
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f i e l d s i z e was shown t o be r e l a t i v e l y u n i m p o r t a n t , a l t h o u g h 
i t does d e t e r m i n e t h e importance o f t h e edge e f f e c t 
( s e c t i o n 4.4.7), as t h e area o f t h e edge s t r i p comprises a 
s m a l l e r p r o p o r t i o n o f t h e t o t a l f i e l d area i n l a r g e f i e l d s . 
S t r u c t u r a l f e a t u r e s c o u l d n o t account f o r t h e d i s t r i b u t i o n 
o f t h e woodcock on t h e L i z a r d P e n i n s u l a , and i t was apparent 
t h a t f i e l d t y p e and t h e d i f f e r e n c e i n t h e a v a i l a b i l i t y o f 
i n v e r t e b r a t e f o o d between the f i e l d s were t h e most i m p o r t a n t 
f a c t o r s . 
Permanent p a s t u r e s were c l e a r l y p r e f e r r e d by woodcock 
i n C o r n w a l l and t h i s was p r o b a b l y due t o . t h e h i g h d e n s i t y o f 
earthworms and o t h e r i n v e r t e b r a t e s t h a t t hese f i e l d s 
s u p p o r t e d . The f a c t t h a t second-year and o l d e r g r a s s l e y s , 
w hich s u p p o r t e d s i m i l a r d e n s i t i e s o f a v a i l a b l e earthworms as 
permanent p a s t u r e s , were n o t v i s i t e d by woodcock as 
f r e q u e n t l y as permanent p a s t u r e s i n 1992 suggests t h a t t h e 
a v a i l a b l e d e n s i t y o f s o i l i n v e r t e b r a t e s o t h e r t h a n 
earthworms was an i m p o r t a n t f a c t o r i n f l u e n c i n g t h e d e c i s i o n 
t o f e e d on permanent p a s t u r e s . S o i l i n v e r t e b r a t e s o t h e r t h a n 
earthworms, e s p e c i a l l y l e a t h e r j a c k e t s ( T i p u l i d a e l a r v a e ) , 
comprise an i m p o r t a n t component o f t h e woodcock's d i e t i n 
w i n t e r and i t i s p o s s i b l e t h a t these are r e q u i r e d t o p r o v i d e 
t h e woodcock w i t h p r o t e i n s t h a t are n o t p r e s e n t i n 
earthworms. The r e d u c t i o n i n earthworm p o p u l a t i o n s f o l l o w i n g 
t h e p l o u g h i n g o f g r a s s f i e l d s i s w e l l documented (Evans & 
G u i l d 1948, Edwards & L o f t y 1977, Barnard & Thompson 1985) 
and i t i s not s u r p r i s i n g t h a t w i n t e r wheat f i e l d s were 
avo i d e d , e s p e c i a l l y as t h e y o n l y comprised a r e l a t i v e l y 
s m a l l p r o p o r t i o n o f t h e s t u d y areas. H i r o n s (1983) n o t e d 
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t h a t r a d i o t a g g e d woodcock l o c a t e d i n f i e l d s i n D e r b y s h i r e i n 
March and e a r l y A p r i l s e l e c t e d grass f i e l d s even though 
these were outnumbered by a r a b l e f i e l d s by 18:1. 
As w e l l as d i f f e r e n t i a t i n g between f i e l d s o f d i f f e r e n t 
t y p e s , t h e woodcock s e l e c t e d c e r t a i n f i e l d s w i t h i n those o f 
t h e p r e f e r r e d t y p e . Amongst t h e permanent p a s t u r e s and o l d 
l e y s (>2 y e a r s i n grass) i n C o r n w a l l , t h e y used f i e l d s i n 
r e l a t i o n t o t h e a v a i l a b i l i t y o f i n v e r t e b r a t e p r e y and t h e r e 
was a s u g g e s t i o n t h a t t h e d i s t r i b u t i o n o f woodcock i n these 
f i e l d s was d e t e r m i n e d by t h e r e l a t i v e a v a i l a b i l i t y o f 
earthworms and o t h e r s o i l i n v e r t e b r a t e s . D e s p i t e t h e f a c t 
t h a t t h e woodcock r e t u r n e d t o t h e same f e e d i n g l o c a t i o n s 
w i t h i n p a r t i c u l a r f i e l d s each n i g h t , t h e r e was no evidence 
t h a t t h e y were e x p l o i t i n g patches o f above average d e n s i t y 
o f earthworms o r o t h e r s o i l i n v e r t e b r a t e s . The d i s t r i b u t i o n 
o f a v a i l a b l e earthworms appeared t o be more p r e d i c t a b l e 
w i t h i n permanent p a s t u r e s t h a n f i r s t - y e a r l e y o r w i n t e r 
wheat f i e l d s and t h e f a c t t h a t t h e d e n s i t i e s o f b o t h 
earthworms and o t h e r s o i l i n v e r t e b r a t e s were so s i m i l a r 
between t h e p a i r e d f e e d i n g and random s i t e s suggests t h a t 
s o i l i n v e r t e b r a t e s were n o t h i g h l y p a t c h i l y d i s t r i b u t e d 
w i t h i n permanent p a s t u r e s o r o l d grass l e y s (>2 y e a r s i n 
g r a s s ) . I t seems t h a t any d i f f e r e n c e i n t h e d e n s i t y o f s o i l 
i n v e r t e b r a t e s w i t h i n f i e l d s was f a r l e s s i m p o r t a n t t h a n t h e 
d i f f e r e n c e between f i e l d s . 
The f a c t t h a t t h e woodcock d i d not f e e d c o n t i n u o u s l y 
t h r o u g h o u t t h e n i g h t and on average were o n l y a c t i v e f o r 
17 min./h suggests t h a t t h e y had no d i f f i c u l t y i n o b t a i n i n g 
s u f f i c i e n t f o o d . Presumably an advantage o f f e e d i n g a t n i g h t 
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i s t h a t b i r d s are l e s s prone t o d i s t u r b a n c e and s p e c i e s such 
as t h e woodcock, whic h do n o t r e q u i r e v i s u a l cues t o l o c a t e 
t h e i r p r e y , are p r o b a b l y a b l e t o f u l f i l t h e i r f o o d 
r e q u i r e m e n t s j u s t as q u i c k l y a t n i g h t as d u r i n g t h e day. 
Support f o r t h i s i d e a i s p r o v i d e d by t h e f i n d i n g t h a t when 
f i e l d s were f r e e o f f r o s t and snow, t h e i n t a k e r a t e s o f 
l a p w i n g s w i n t e r i n g i n S c o t l a n d were a p p r o x i m a t e l y t w i c e as 
h i g h a t n i g h t as those a c h i e v e d d u r i n g t h e day 
(McLennan 1979). Comparison o f t h e a v a i l a b l e earthworm 
d e n s i t i e s i n t h e C o r n i s h p a s t u r e s (300-815 worms/m 2, sample 
cores 7cm deep) w i t h those from h a n d - s o r t e d samples i n o t h e r 
s t u d i e s (Heppleston 1971; 418 worms/m2 (cores 7.6cm deep), 
B a r n a r d & Thompson 1985; 184-285 worms/m 2 (cores 3cm deep), 
Tucker 1992; 61-120 worms/m2 (cores 5cm deep)) suggests t h a t 
t h e f i e l d s i n C o r n w a l l were r e l a t i v e l y r i c h i n earthworms. 
The h i g h earthworm d e n s i t i e s combined w i t h t h e m i l d , wet 
w i n t e r c l i m a t e on t h e L i z a r d P e n i n s u l a p r o b a b l y meant t h a t 
f o o d l i m i t a t i o n was u n l i k e l y t o ever be a problem f o r t h e 
woodcock. T h i s may e x p l a i n why some o f t h e r a d i o t a g g e d b i r d s 
o c c a s i o n a l l y appeared t o f o r e g o f e e d i n g on c e r t a i n n i g h t s 
and remained i n t h e woodland. 
Of course, t h e p o s s i b i l i t y t h a t t h e woodcock sometimes 
a l s o f e d i n t h e woodland d u r i n g t h e day cannot be r u l e d o u t . 
However, i t seems u n l i k e l y t h a t t h i s o c c u r r e d r e g u l a r l y as 
t h e r a d i o t a g g e d woodcock o n l y moved v e r y s h o r t d i s t a n c e s 
(<3 0m) w i t h i n t h e woodland d u r i n g t h e day and t h e r e i s 
evidence from t h e stomach volumes o f woodcock shot a t 
d i f f e r e n t t i m e s d u r i n g t h e daytime and e a r l y e v e n i n g t h a t 
woodcock f e e d v e r y l i t t l e d u r i n g d a y l i g h t i n w i n t e r 
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( H i r o n s & B i c k f o r d - S m i t h 1983). F o r a g i n g f o r earthworms i n 
th e woodland would have been l e s s p r o d u c t i v e t h a n i n t h e 
f i e l d s (woodland 112±35trr2 (±se), n=30; f i e l d s 
560±21nr 2 (±se), n=245; F=53.53, d f = l , 2 7 3 , p<0.001), b u t 
f o r a g i n g f o r o t h e r l a r g e i n v e r t e b r a t e s would have been more 
p r o d u c t i v e (woodland 70±13nr2 (±se), n=30; f i e l d s 22±3nr 2 
(±se) , n=245; F=33.25, d f = 1,273, p<0.001). As t h e a n a l y s i s 
o f woodcock d i e t i n w i n t e r was based on stomachs f r o m b i r d s 
c o l l e c t e d d u r i n g d a y l i g h t , i t i s c o n c e i v a b l e t h a t t h e 
p r o p o r t i o n o f earthworms consumed was h i g h e r a t n i g h t . Any 
f o r a g i n g i n t h e woodland d u r i n g t h e day was p r o b a b l y 
c o n c e n t r a t e d m a i n l y on i n v e r t e b r a t e s o t h e r t h a n earthworms. 
High d e n s i t i e s o f foxes were p r e s e n t a t b o t h L a n a r t h 
and T r e l o w a r r e n and an i n c r e a s e i n t h e p e r c e i v e d r i s k o f 
p r e d a t i o n near f i e l d edges would e x p l a i n why t h e y were 
av o i d e d by t h e woodcock. Foxes e x h i b i t a p r e d i s p o s i t i o n f o r 
h u n t i n g a l o n g f i e l d b o undaries (Macdonald 1976, 1979) and 
u s u a l l y o n l y v e n t u r e across f i e l d s when f o r a g i n g f o r 
earthworms 'or when d i s t u r b e d by man. Brown hares Lepus 
europaeus p r e f e r open ground w i t h s h o r t v e g e t a t i o n a t n i g h t 
( F r y e l s t a m 1976, Tapper & Barnes 1986) and H o l l e y (1992) 
concluded t h a t t h i s b e h a v i o u r reduced t h e r i s k o f hares 
b e i n g ambushed by f o x e s . B a r n a r d & Thompson (1985) showed 
t h a t b o t h l a p w i n g s and gol d e n p l o v e r s , f e e d i n g d u r i n g t h e 
day, p r e f e r r e d l a r g e f i e l d s and t h e y b e l i e v e d t h i s was 
because t h e b i r d s c o u l d reduce t h e r i s k o f s u r p r i s e a t t a c k s 
from a v i a n p r e d a t o r s ( k e s t r e l s Falco tinnunculus, 
sparrowhawks Accipiter nisus and c a r r i o n crows Corvns 
cor one) . 
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The woodcock on t h e L i z a r d P e n i n s u l a g e n e r a l l y f e d 
w i t h i n an area o f 0.5-1.0ha each n i g h t and assuming t h a t a 
minimum area o f 0.5ha i s r e q u i r e d , i t can be e s t i m a t e d t h a t 
t h e minimum s i z e o f square f i e l d l i k e l y t o be used by 
woodcock i s 1. 2ha i f t h e o u t e r 20m s t r i p i s a v o i d e d . The 
mean f i e l d s i z e a t T r e l o w a r r e n and L a n a r t h was 6.6ha and i t 
can be e s t i m a t e d t h a t on average 29% o f t h e area o f a l l t h e 
f i e l d s , assuming t h a t t h e y were a p p r o x i m a t e l y square, was 
not a v a i l a b l e t o t h e woodcock. T h i s c l e a r l y has i m p l i c a t i o n s 
f o r management, as t h e importance o f t h e edge e f f e c t w i l l be 
d e t e r m i n e d by f i e l d shape and mean f i e l d s i z e . The area o f 
edge w i l l be g r e a t e r i n l o n g , narrow f i e l d s t h a n ones w h i c h 
are a p p r o x i m a t e l y square. I f t h e f i e l d s on a g i v e n farm are 
square b u t t h e mean f i e l d s i z e i s o n l y 3ha, t h e p r o p o r t i o n 
of t h e t o t a l area n o t used by woodcock would be 4 1 % , whereas 
i n c r e a s i n g t h e mean f i e l d s i z e t o 9ha would reduce t h e 
p r o p o r t i o n o f t h e area a v o i d e d by woodcock t o 25%. 
When d i s t u r b e d a t n i g h t woodcock move t o a n o t h e r f i e l d 
w i t h i n t h e home range t h a t has been v i s i t e d b e f o r e . They 
appear t o have a good s p a t i a l knowledge o f t h e i r home 
ranges, s i n c e i n a l l cases t h e y were found i n t h e same 
l o c a t i o n s w i t h i n t h e new f i e l d s i n which t h e y had been 
observed on p r e v i o u s n i g h t s . 
Woodcock appear t o p r e f e r d i u r n a l r e s t i n g p l a c e s near 
t o a woodland edge. Such s i t e s presumably a f f o r d b e t t e r 
escape o p p o r t u n i t i e s i f b i r d s are d i s t u r b e d , as escape 
f l i g h t s would n o t be p o s s i b l e i n t h e c e n t r e o f some woods, 
such as those dominated by dense Rhodedendron. I n cases 
where landowners have an i n t e r e s t i n m a i n t a i n i n g w i n t e r 
149 
h a b i t a t f o r woodcock, a t t e n t i o n s h o u l d be p a i d t o 
m a i n t a i n i n g r i d e s and s m a l l c l e a r i n g s (about 2ha) i n l a r g e 
b l o c k s o f woodland, Rhodedendron o r gorse. T h i s form o f 
management used t o be p r a c t i s e d up t o t h e 193 0s on l a r g e 
s p o r t i n g e s t a t e s , p a r t i c u l a r l y i n I r e l a n d , Wales and 
C o r n w a l l (Shorten 1974). 
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5. HABITAT SELECTION AND DIET OF WOODCOCK DURING 
THE BREEDING SEASON 
5.1 INTRODUCTION 
Many s t u d i e s o f w i l d animals have examined h a b i t a t use 
because h a b i t a t changes are v e r y o f t e n t h e key t o t h e 
d e c l i n e o f a s p e c i e s o r t h e reason f o r a r a p i d i n c r e a s e i n 
t h e numbers o f a p e s t s p e c i e s . I n t h e case o f t h e woodcock, 
woods h o l d i n g b r e e d i n g b i r d s i n l o w l a n d England and 
S c o t l a n d are o f t e n managed f o r pheasants Phasianus 
colchicus o r as p a r t o f commercial f o r e s t r y o p e r a t i o n s , 
whereas i n t h e uplands s u i t a b l e b r e e d i n g areas are s u b j e c t 
t o g r a z i n g p r e s s u r e from sheep and deer. There i s c u r r e n t l y 
l i t t l e i n f o r m a t i o n on t h e p r e f e r r e d age, s p e c i e s 
c o m p o s i t i o n and s t r u c t u r e o f woodland f o r b r e e d i n g woodcock 
and hence on whether woodland managed f o r pheasants i s 
b e n e f i c i a l f o r woodcock o r on t h e e f f e c t o f f o r e s t r y 
p r a c t i c e s such as t h i n n i n g . There has been s p e c u l a t i o n t h a t 
t h e d e c l i n e i n b r e e d i n g woodcock i n S England (Marchant 
e t al. 1990) has been due t o t h e f r a g m e n t a t i o n o f l a r g e 
deciduous woods and t h e break-up o f s p o r t i n g e s t a t e s s i n c e 
about 1930 (Shorten 1974). There i s p r o b a b l y some v a l i d i t y 
i n t h i s s u g g e s t i o n because F u l l e r (1982) has shown t h a t 
t h e r e i s a h i g h e r i n c i d e n c e o f b r e e d i n g woodcock i n l a r g e 
woods (>80ha). Parslow (1967) suggested t h a t numbers o f 
woodcock i n c r e a s e d i n SW S c o t l a n d , N England, N Wales and 
East A n g l i a d u r i n g t h e e a r l y 1960s due t o t h e p l a n t i n g o f 
new c o n i f e r f o r e s t s . T h i s i d e a i s p l a u s i b l e b u t t h e r e i s 
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c u r r e n t l y v e r y l i t t l e i n f o r m a t i o n on t h e e x t e n t t o w h i c h 
c o n i f e r o u s h a b i t a t i s used by b r e e d i n g woodcock. 
For t h i s s t u d y , two s i t e s were chosen whic h were 
c o n s i d e r e d t o be r e p r e s e n t a t i v e o f t h e broad c a t e g o r i e s o f 
h a b i t a t used by b r e e d i n g woodcock i n l o w l a n d and u p l a n d 
r e g i o n s o f B r i t a i n . The l o w l a n d s i t e was l o c a t e d i n c e n t r a l 
England and c o n s i s t e d o f mixed deciduous woodland, a l t h o u g h 
i t was a t y p i c a l o f many l o w l a n d deciduous woods i n terms o f 
t h e s p e c i e s c o m p o s i t i o n and t h e absence o f a shrub l a y e r i n 
many p a r t s . The u p l a n d woodland s i t e was i n E S c o t l a n d and 
c o n s i s t e d p r i m a r i l y o f b i r c h Betula pubescens, which forms 
t h e most abundant c l a s s of s e m i - n a t u r a l woodland i n t h e 
S c o t t i s h h i g h l a n d s (MacKenzie 1987). 
The t e r m h a b i t a t has been used f r e q u e n t l y i n 
e c o l o g i c a l l i t e r a t u r e t o d e s c r i b e t h e d i f f e r e n t p l a n t 
communities w i t h i n p a r t i c u l a r s t u d y areas b u t o f t e n on 
v a s t l y d i f f e r e n t g e o g r a p h i c a l s c a l e s . For t h e purpose o f 
t h i s s t u d y , a h a b i t a t i s d e f i n e d as a d i s c r e t e and r e a d i l y 
r e c o g n i z a b l e assemblage o f herbs, shrubs and t r e e s p e c i e s 
o f a p a r t i c u l a r age w i t h i n a p r e d e f i n e d area o f a few 
square k i l o m e t r e s . H a b i t a t use was assessed as t h e t i m e 
spent i n each h a b i t a t t y p e w h i l s t h a b i t a t s e l e c t i o n 
o c c u r r e d when a p a r t i c u l a r h a b i t a t was used more 
i n t e n s i v e l y t h a n expected from i t s area r e l a t i v e t o o t h e r 
h a b i t a t s . 
R a d i o t r a c k i n g i s the o n l y f e a s i b l e method o f 
i n v e s t i g a t i n g s m a l l s c a l e h a b i t a t use by a s e c r e t i v e 
s p e c i e s l i k e t h e woodcock, s i m p l y because d i r e c t 
o b s e r v a t i o n i s v e r y seldom p o s s i b l e . A l a r g e number o f 
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s t u d i e s have used r a d i o t e l e m e t r y t o i n v e s t i g a t e h a b i t a t use 
by w i l d a n i m a l s . However, a l l o f t h e t e c h n i q u e s r e c e n t l y 
r e v i e w e d by A l l d r e d g e & R a t t i (1986) and by White & G a r r o t t 
(1990) c o n t a i n a t l e a s t one o f f o u r s h o r t c o m i n g s t h a t may 
a f f e c t t h e v a l i d i t y o f t h e a n a l y s i s . These a r e an 
i n a p p r o p r i a t e l e v e l o f sampli n g and sample s i z e , t h e non-
independence o f p r o p o r t i o n s , d i f f e r e n t i a l h a b i t a t use by 
groups o f i n d i v i d u a l s and an a r b i t r a r y d e f i n i t i o n o f 
h a b i t a t a v a i l a b i l i t y ( Aebischer e t a l . 1993). The use o f 
c o m p o s i t i o n a l a n a l y s i s (Aebischer & Robertson 19 92, 
A e b i s c h e r e t al. 1993) o r Manly's s e l e c t i v i t y i n d e x 
(McDonald et al. 1993) a v o i d s t h e f i r s t t h r e e o f th e s e 
problems by p l a c i n g t h e emphasis on t h e r a d i o t r a c k e d a n i m a l 
as t h e sa m p l i n g u n i t r a t h e r t h a n t h e r a d i o l o c a t i o n and by 
c i r c u m v e n t i n g t h e u n i t - s u m c o n s t r a i n t . 
D e f i n i t i o n o f t h e boundary f o r a s t u d y area and hence 
t h e area o f a v a i l a b l e h a b i t a t i s u s u a l l y a r b i t r a r y ( P o r t e r 
& Church 1987) , and t h e v e r y f a c t t h a t an a n i m a l o c c u r s 
w i t h i n t h e s t u d y area i s i n d i c a t i v e t h a t t h e a n i m a l has 
a l r e a d y made a s e l e c t i o n . The e f f e c t s o f an a r b i t r a r y 
d e f i n i t i o n can be reduced by c o n s i d e r i n g h a b i t a t 
u t i l i z a t i o n a t two l e v e l s (Johnson 1980) ; f i r s t t h e 
s e l e c t i o n o f a home range w i t h i n t h e boundary o f t h e s t u d y 
a r e a and t h e n t h e use o f r e s t r i c t e d sub-areas w i t h i n t h e 
home range. C l e a r l y , p a r t i c u l a r h a b i t a t s may be s e l e c t e d i n 
p r e f e r e n c e t o o t h e r s f o r a range o f reasons, i n c l u d i n g an 
i n c r e a s e d a v a i l a b i l i t y o f f o o d , reduced s u s c e p t i b i l i t y t o 
p r e d a t o r s , t h e number o f r o o s t s i t e s o r r e s t i n g p l a c e s and 
t h e a v a i l a b i l i t y o f areas s u i t a b l e f o r b r e e d i n g and r e a r i n g 
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young. E x a m i n a t i o n o f h a b i t a t s e l e c t i o n i n two stages can 
r e v e a l d e t a i l s about a p a r t i c u l a r s p e c i e s ' h a b i t a t use t h a t 
may be masked by s i m p l y comparing t h e d i s t r i b u t i o n o f 
r a d i o l o c a t i o n s w i t h t h e o v e r a l l h a b i t a t a v a i l a b i l i t y i n t h e 
s t u d y area (Aebischer efc al. 1993) . R a d i o t r a c k i n g s t u d i e s 
o f American woodcock Scolopax minor have shown t h a t 
i n d i v i d u a l s u t i l i z e i n t e n s i v e l y o n l y s m a l l areas o f even 
p r e f e r r e d h a b i t a t t y p e s (Dunford & Owen 1973, Morgenweck 
1977) . 
H i r o n s (1983) showed t h a t woodcock are a c t i v e f o r a 
l a r g e p r o p o r t i o n o f t h e day d u r i n g t h e b r e e d i n g season and 
t h e a v a i l a b i l i t y o f s u i t a b l e f e e d i n g areas i s l i k e l y t o be 
an i m p o r t a n t f a c t o r g o v e r n i n g t h e c h o i c e o f p a r t i c u l a r 
h a b i t a t s . However, i n f o r m a t i o n c o n c e r n i n g t h e d i e t o f t h e 
woodcock i n t h e b r e e d i n g season i s v e r y l i m i t e d and i s 
m a i n l y based on stomach analy s e s o f b i r d s shot d u r i n g March 
and A p r i l i n Hungary and Rumania ( K i s s & S t e r b e t z 1973, 
1978) o r t h e former C z e c h o s l o v a k i a (Koubek 1986). Such 
an a l y s e s are a l s o l i k e l y t o o v e r e s t i m a t e t h e r e l a t i v e 
p r o p o r t i o n o f i n s e c t s w i t h h a r d e l y t r a i n t h e d i e t , because 
earthworms and some i n s e c t l a r v a e are r a p i d l y d i g e s t e d . No 
s t u d i e s have been conducted on t h e d i e t o f woodcock c h i c k s 
and i t i s n o t known how t h i s d i f f e r s f r o m t h e d i e t o f 
a d u l t s and whether, as s p e c u l a t e d by S h o r t e n (1974), 
i n s e c t s f o r m an i m p o r t a n t component d u r i n g t h e f i r s t few 
days, as t h e y do f o r t h e c h i c k s o f o t h e r wader s p e c i e s , 
such as t h e l a p w i n g Vanellus vanellus ( G a l b r a i t h 1989) and 
t h e common san d p i p e r Actitis hypoleucos (Yalden 1986) . 
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5.2 STUDY SITES 
Whitwell Wood, NE Derbyshire 
W h i t w e l l Wood ( g r i d r e f e r e n c e SK 5278) l i e s about 24km 
so u t h - e a s t o f S h e f f i e l d and i s s i t u a t e d on a p l a t e a u a t an 
a l t i t u d e o f 140m a . s . l . w i t h i n an area o f g e n t l y u n d u l a t i n g 
a g r i c u l t u r a l l a n d . I t c o n s i s t s o f 171ha o f m a i n l y deciduous 
F o r e s t r y Commission p l a n t a t i o n s p l a n t e d d u r i n g t h e p e r i o d 
1932-47, and d i f f e r e n t b l o c k s o f woodland ( a v e r a g i n g 
a p p r o x i m a t e l y 15ha i n s i z e ) have been t h i n n e d each w i n t e r 
s i n c e 1983/84. The dominant t r e e s p e c i e s are sycamore Acer 
pseud.oplata.nus ( c o m p r i s i n g 55% o f t h e t o t a l area) and beech 
Fagus sylvaticus ( c o m p r i s i n g 37% o f t h e t o t a l a r e a ) , 
sometimes p l a n t e d i n mixed s t a n d s , w i t h s m a l l e r areas o f 
Scots and C o r s i c a n p i n e Pinus sylvestris and P. nigra, ash 
Fraxinus excelsior and b i r c h Betula spp. The r e m a i n i n g 
p r i n c i p a l t r e e s p e c i e s are oak Quercus robur and rowan 
Sorbus aucuparia, which are d i s t r i b u t e d i r r e g u l a r l y 
t h r o u g h o u t t h e wood, and a l d e r Alnus glutinosa w h i c h 
dominates t h e n o r t h e r n boundary o f t h e wood a d j o i n i n g a 
s m a l l stream. 
The wood has a reduced shrub l a y e r c o n s i s t i n g o n l y o f 
a few s c a t t e r e d patches o f h a z e l Corylus avellana and t h e r e 
i s l i t t l e ground v e g e t a t i o n i n most areas. I n t h e beech 
p l a n t a t i o n s , c a r p e t s o f ramsons Allium ursinum and 
b l u e b e l l s Endymion non-scriptus a r e p r e s e n t i n A p r i l and 
May whereas i n t h e sycamore stands t h e ground cover 
c o n s i s t s o f dog's mercury Mercurialis perennis and brambles 
Rubus spp. W h i t w e l l Wood has a good network o f r i d e s and 
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s m a l l t r a c k s which d i v i d e i t i n t o s m a l l b l o c k s and make i t 
r e l a t i v e l y easy t o det e r m i n e p r e c i s e l o c a t i o n s . 
Millden, Angus 
M i l l d e n i s l o c a t e d about 16km n o r t h - w e s t o f B r e c h i n , 
h a l f way a l o n g Glen Esk ( g r i d r e f e r e n c e NO 5378) . The 
e n t i r e e s t a t e i s about 50km 2 w i t h t h e R i v e r N o r t h Esk 
r u n n i n g i n a west-east d i r e c t i o n t h r o u g h t h e c e n t r e . The 
v a l l e y b ottom v a r i e s from a p p r o x i m a t e l y 400m-lkm wide and 
c o n s i s t s o f some narrow s t r i p s o f p a s t u r e f i e l d s s u p p o r t i n g 
sheep and fragmented areas o f b i r c h woodland. The b i r c h 
o c c u r s i n patches and ranges i n age from f i v e y e a r o l d 
t h i c k e t s t o mature t r e e s about 50 years o l d . There i s no 
u n d e r s t o r e y and t h e o n l y ground cover i s a f f o r d e d by 
br a c k e n Pteridium aquilinum which i s d i s t r i b u t e d t h r o u g h o u t 
some o f t h e mature areas. The ground t o t h e n o r t h and s o u t h 
o f t h e r i v e r r i s e s s t e e p l y t o h e i g h t s o f between 490m and 
680m and i s dominated by Calluna moorland, w h i c h comprises 
a p p r o x i m a t e l y 90% o f t h e e s t a t e . F i e l d w o r k was r e s t r i c t e d 
t o t h e l o w - l y i n g b i r c h woodland and t h e h i l l s i d e s below 
about 300m, an area o f a p p r o x i m a t e l y 9km 2. The v e g e t a t i o n o f 
t h e l o w e r h i l l s i d e s c o n s i s t e d o f h e a t h e r Calluna vulgaris, 
bracken, rough g r a s s o r Juncus spp. f l u s h . There was a 
s i n g l e 11.6ha c o n i f e r o u s p l a n t a t i o n w i t h i n t h e s t u d y area 
comprised o f Scots p i n e about 40 ye a r s o l d . 
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5.3 METHODS 
5.3.1 Ringing and r a d i o t r a c k i n g 
Woodcock were caught a t dawn and dusk i n a s e r i e s o f 
m i s t n e t s s e t across t h e main r i d e s a t W h i t w e l l Wood and i n 
s m a l l woodland c l e a r i n g s a t M i l l d e n . I n a d d i t i o n , up t o 20 
drop t r a p s w i t h " l e a d - i n fences" were employed i n t h e main 
woodcock f e e d i n g areas. The drop t r a p s were t h e p r i m a r y 
means o f c a t c h i n g female b i r d s because t r a p p i n g them on t h e 
ne s t i n v a r i a b l y causes d e s e r t i o n , even d u r i n g t h e l a t e s t 
stages o f i n c u b a t i o n (Hirons 1983). C a t c h i n g a c t i v i t i e s 
were r e s t r i c t e d t o a two week p e r i o d e a r l y i n t h e b r e e d i n g 
season a t M i l l d e n b u t were c o n t i n u e d f r o m mid-March u n t i l 
June a t W h i t w e l l Wood. 
The woodcock were aged a c c o r d i n g t o Clausager (1973a) 
and sexed by means o f a d i s c r i m i n a n t f u n c t i o n based on b i l l 
l e n g t h , t a i l l e n g t h and w e i g h t (Appendix 5.1) . Each b i r d 
was marked w i t h a BTO r i n g and 14 b i r d s a t W h i t w e l l Wood 
and t e n a t M i l l d e n were r a d i o t a g g e d . The s i n g l e - s t a g e 
r a d i o - t r a n s m i t t e r s ( B i o t r a c k L t d . , Wareham, Dorset) each 
weighed 4g and were powered by z i n c - a i r c e l l s ( g i v i n g a 
p o t e n t i a l f i e l d l i f e o f about 70 days) o r by mercury c e l l s 
( g i v i n g a p o t e n t i a l l i f e o f about 40 days) . I n 1991 t h e 
r a d i o s were a t t a c h e d t o the s k i n o f t h e b i r d ' s back w i t h 
c y a n o a c r y l a t e " s u p e r g l u e " (Raim 1978), b u t f i g u r e - e i g h t 
harnesses made from 5mm e l a s t i c (Amlaner e t a l . 1978, 
H i r o n s & Owen 1982) were found t o be a more r e l i a b l e means 
of a t t a c h m e n t and these were used i n 1992 and 1993. 
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The r a d i o t a g g e d b i r d s were l o c a t e d w i t h a p o r t a b l e 
M a r i n e r Radar M57 r e c e i v e r and a hand-held t h r e e element 
Yagi antenna. The range o f d e t e c t i o n v a r i e d a c c o r d i n g t o 
t h e d e n s i t y o f t h e cover b e i n g used by t h e b i r d s and t h e 
h e i g h t g a i n e d by t h e o b s e r v e r . T y p i c a l maximum ranges were 
200~500m a t W h i t w e l l Wood and 200-1,000m a t M i l l d e n . 
P o s i t i o n f i x e s were d e t e r m i n e d by t r i a n g u l a t i o n a t 
d i s t a n c e s o f 30-40m a t W h i t w e l l Wood and 50-150m a t 
M i l l d e n . Radiotagged b i r d s c o u l d n o t be approached as 
c l o s e l y a t M i l l d e n due t o t h e more open n a t u r e o f t h e 
h a b i t a t and t h e i n c r e a s e d r i s k o f f l u s h i n g t h e b i r d s . The 
ac c u r a c y o f r a d i o l o c a t i o n s a t M i l l d e n was d e t e r m i n e d by 
c a l c u l a t i n g e r r o r t r i a n g l e s from t h r e e b e a r i n g s t a k e n on 
spare r a d i o t a g s p l a c e d i n known l o c a t i o n s . The mean s i z e o f 
th e s e e r r o r t r i a n g l e s was 0.14+0.14ha (±sd, maximum 0.45ha, 
n=10) . P o s i t i o n f i x e s were t a k e n a t t h e r a t e o f two per 
b i r d p e r day. They were r e c o r d e d as X, Y map c o o r d i n a t e s 
u s i n g a g r i d s i z e o f 10m x 10m a t W h i t w e l l Wood and 50m x 
50m a t M i l l d e n . The r a d i o l o c a t i o n s o f 12 woodcock t r a c k e d 
by Dr. G. H i r o n s a t W h i t w e l l Wood i n 1986 were i n c l u d e d i n 
t h e a n a l y s i s o f h a b i t a t use. 
5.3.2 A n a l y s i s of h a b i t a t u t i l i z a t i o n 
H a b i t a t use by f e e d i n g woodcock was d e t e r m i n e d by 
means o f c o m p o s i t i o n a l a n a l y s i s (Aebischer e t a l . 1993) 
u s i n g d i u r n a l r a d i o l o c a t i o n s from r a d i o t a g g e d woodcock. As 
W h i t w e l l Wood was surrounded by a r a b l e f a r m l a n d , which was 
no t used by woodcock d u r i n g t h e day, t h e woodland boundary 
was t a k e n t o d e l i m i t t h e s t u d y area. I n a few cases, 
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r a d i o t a g g e d b i r d s , p a r t i c u l a r l y males, l e f t W h i t w e l l Wood 
a t dusk and remained i n nearby copses o r o t h e r patches o f 
woodland f o r a few days a t a t i m e . The r a d i o l o c a t i o n s f o r 
these days were e x c l u d e d from t h e a n a l y s i s . At M i l l d e n t h e 
s t u d y area was d e f i n e d as t h e composite minimum convex 
p o l y g o n o f a l l t h e home ranges o f the r a d i o t a g g e d b i r d s . 
Seven h a b i t a t t y p e s were d e f i n e d a t each o f t h e s t u d y 
s i t e s . A t W h i t w e l l Wood t h e y were based on t h e dominant 
t r e e s p e c i e s and t h e ty p e o f ground cover whereas a t 
M i l l d e n t h e y i n c l u d e d moorland and p a s t u r e as w e l l as 
woodland c a t e g o r i e s (Tables 5.1 & 5.2) . I n each case t h e 
h a b i t a t t y p e s were c l e a r l y d i s t i n c t and r e a d i l y 
r e c o g n i z a b l e . The predominant h a b i t a t t y p e w i t h i n each o f 
t h e r a d i o t r a c k i n g g r i d squares was mapped by means o f 
surveys conducted on f o o t . 
The home ranges o f r a d i o t a g g e d woodcock were d e s c r i b e d 
by means o f minimum convex polygons (Mohr 1947). These were 
judge d t o be more a p p r o p r i a t e f o r t h e a n a l y s i s o f h a b i t a t s 
t h a n harmonic mean i s o p l e t h s (Dixon & Chapman 1980) wh i c h 
tended t o " b a l l o o n " i n t o areas t h a t were n o t v i s i t e d by t h e 
b i r d s . For comparison o f home range s i z e between i n d i v i d u a l 
woodcock, t h e minimum convex p o l y g o n areas were assessed 
f o r t h e f i r s t 35 r a d i o l o c a t i o n s f o r each b i r d . For th o s e 
woodcock where fewer t h a n 3 5 r a d i o l o c a t i o n s were o b t a i n e d , 
t h e home range s i z e a t 35 r a d i o l o c a t i o n s was e s t i m a t e d f r o m 
t h e i n c r e a s e i n range s i z e between t e n and 21 
r a d i o l o c a t i o n s , w h i c h was compared t o a r e g r e s s i o n o f t h e 
i n c r e a s e between t e n and 21 r a d i o l o c a t i o n s a g a i n s t t h e home 
range s i z e a t 35 r a d i o l o c a t i o n s f o r t h e o t h e r r a d i o t a g g e d 
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Table 5.1 D e f i n i t i o n s o f t h e d i f f e r e n t h a b i t a t s examined 
w i t h r e s p e c t t o woodcock h a b i t a t use i n a l o w l a n d mixed 
woodland s i t u a t i o n ( W h i t w e l l Wood). 
H a b i t a t t y p e D e s c r i p t i o n 
1 Sycamore & bramble Mature sycamore s t a n d w i t h 
p r e d o m i n a n t l y bramble o r gr a s s ground 
cover. 
Sycamore & dog's 
mercury 
3 Sycamore copp i c e 
Beech & bramble 
5 
6 
Beech & ramsons 
Mature sycamore o r ash stands w i t h 
dog's mercury t h e dominant s p e c i e s o f 
ground cover. 
Sycamore o r h a z e l areas t h a t were 
c l e a r - f e l l e d s i n c e 1984 and c o n s i s t e d 
e n t i r e l y o f r e g e n e r a t i n g s a p l i n g s 
( m o s t l y 5-7m t a l l ) . 
Mature beech areas w i t h bramble 
ground cover. 
Mature beech c a r p e t e d by ramsons. 
Beech & b l u e b e l l s Mature beech o r ash stands w i t h 
b l u e b e l l o r o c c a s i o n a l l y dog's 
mercury ground cover. 
7 C o n i f e r Mature Scots and C o r s i c a n p i n e 
p l a n t a t i o n s and a t e n y e a r o l d Scots 
p i n e area. 
woodcock ( H a r r i s e t al. 1990). These e q u a t i o n s were 
W h i t w e l l Wood y=33.76+1.46x 
M i l l d e n y=21.33+2.OOx 
where y was t h e home range s i z e a t 35 r a d i o l o c a t i o n s and 
x was t h e i n c r e a s e i n range s i z e between t e n and 21 
r a d i o l o c a t i o n s . 
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The p r o p o r t i o n s o f each h a b i t a t t y p e w i t h i n t h e t o t a l s t u d y 
area and w i t h i n each minimum convex p o l y g o n home range were 
d e t e r m i n e d u s i n g t he program RANGES IV (Kenwood 1990). 
Table 5.2 D e f i n i t i o n s o f t h e d i f f e r e n t h a b i t a t s examined 
w i t h r e s p e c t t o woodcock h a b i t a t use i n an u p l a n d b i r c h w o o d 
s i t u a t i o n ( M i l l d e n ) . 
H a b i t a t t y p e D e s c r i p t i o n 
1 Mature b i r c h & bracken B i r c h >12m t a l l w i t h dead o r 
l i v i n g b r acken ground cover. 
2 Mature b i r c h & grass 
3 Young b i r c h 
4 C o n i f e r 
5 Juncus f l u s h 
6 Heather 
7 Rough & improved 
g r a z i n g 
B i r c h >12m t a l l w i t h no ground 
cover except g r a s s (which was 
sometimes grazed by sheep). 
I n t e r m e d i a t e s a p l i n g s t age b i r c h 
(6-12m t a l l ) , o f t e n w i t h no ground 
cover, and young b i r c h t h i c k e t 
(<5m t a l l ) . 
Mixed areas o f 60-70 y e a r o l d 
Scots p i n e w i t h mature beech o r 
ash and a 40 ye a r o l d Scots p i n e 
p l a n t a t i o n . 
Open wet h a b i t a t u s u a l l y 
c h a r a c t e r i z e d by t h e presence o f 
Juncus effusus, Erica tetralix 
and Sphagnum spp. 
Call una-dominated moorland. 
Unmanaged sheep-grazed p a t c h e s , 
produced by o v e r g r a z i n g o f 
moorland edges, and managed 
p a s t u r e f i e l d s . 
H y p o t h e s i s t e s t i n g was conducted by c a l c u l a t i n g 
W i l k ' s A by means o f a MANOVA a p p l i e d t o t h e l o g - r a t i o 
d i f f e r e n c e s . W i t h no m i s s i n g v a l u e s , any o f t h e h a b i t a t s 
can be used as t h e denominator ( A i t c h i s o n 1986) and 
s i g n i f i c a n c e can be t e s t e d by means o f X 2 • M i s s i n g v a l u e s 
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can be used as t h e denominator ( A i t c h i s o n 1986) and 
s i g n i f i c a n c e can be t e s t e d by means o f % 2. M i s s i n g v a l u e s 
were t r e a t e d i n two ways d u r i n g t h e c a l c u l a t i o n o f l o g -
r a t i o s and mean l o g - r a t i o d i f f e r e n c e s . I n cases where a 
p a r t i c u l a r h a b i t a t t y p e was a v a i l a b l e b u t not u t i l i z e d , t h e 
p r o p o r t i o n o f t h e m i s s i n g h a b i t a t t y p e was s e t t o 0.001 
(Aebischer & Robertson 1992) . I n cases where p a r t i c u l a r 
h a b i t a t t y p e s were not a v a i l a b l e f o r use by some o f t h e 
woodcock (not i n c l u d e d w i t h i n t h e home ranges when 
a s s e s s i n g t h e d i s t r i b u t i o n o f r a d i o l o c a t i o n s w i t h i n t h e 
home range) t h e mean l o g - r a t i o d i f f e r e n c e s f o r each p a i r o f 
h a b i t a t t y p e s w i t h i n t h e r a n k i n g m a t r i x were based o n l y on 
t h e home ranges c o n t a i n i n g b o t h t y p e s . By u s i n g a l l 
p o s s i b l e h a b i t a t s as t h e denominator, a s e p a r a t e W i l k ' s A 
was c a l c u l a t e d f o r each h a b i t a t and a mean A was t h e n 
c a l c u l a t e d by w e i g h t i n g t h e W i l k ' s A f o r each h a b i t a t 
a c c o r d i n g t o i t s number o f no n - m i s s i n g v a l u e s . M u l t i v a r i a t e 
n o r m a l i t y o f t h e r e s i d u a l s c o u l d no l o n g e r be assumed and 
s i g n i f i c a n c e t e s t i n g was p e r f o r m e d by r a n d o m i z a t i o n . 
Randomization c r e a t e d 999 e x p e c t e d v a l u e s f o r A and 
compared t h e observed v a l u e w i t h t h i s e xpected 
d i s t r i b u t i o n . I t f o l l o w s t h a t t h e s m a l l e s t o b t a i n a b l e l e v e l 
o f p r o b a b i l i t y was p<0.001. 
5.3.3 Measurement of h a b i t a t s t r u c t u r e 
H a b i t a t measurements were r e c o r d e d from t h r e e randomly 
s e l e c t e d p o s i t i o n s a t each f e e d i n g and random s i t e . At 
W h i t w e l l Wood these p o s i t i o n s were chosen by d i v i d i n g a 30m 
x 3 0m g r i d , c e n t r e d over each s i t e , i n t o 3 6 numbered 5m x 
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Table 5.3 H a b i t a t parameters measured a t woodcock n e s t 
s i t e s , a d u l t f e e d i n g l o c a t i o n s and p a i r e d random s i t e s . 
V a r i a b l e D e f i n i t i o n 
Mean area p e r t r e e The r e c i p r o c a l o f t r e e d e n s i t y . 
Measured i n m2 as t h e square o f t h e 
mean o f 4 p o i n t q u a r t e r d i s t a n c e s . 
Mean b a s a l area Mean b a s a l area (cm 2) o f t r e e s a t 
p o i n t q u a r t e r s . 
S a p l i n g d e n s i t y Number o f s a p l i n g s w i t h i n 3m r a d i u s . 
Shrub stem d e n s i t y Number o f shrub stems w i t h i n 3m r a d i u s . 
Brushwood d e n s i t y Number o f dead stems o r c u t branches 
(>lcm d i a m e t e r ) w i t h i n 3m r a d i u s . 
V e g e t a t i o n cover Percentage ground s u r f a c e w i t h i n 
q u a drat covered by l i v i n g v e g e t a t i o n . 
H e i g h t o f dominant H e i g h t (cm) o f dominant s p e c i e s o f 
v e g e t a t i o n ground cover. 
H e i g h t o f co- He i g h t (cm) o f second most dominant 
dominant v e g e t a t i o n s p e c i e s o f ground cover. 
L i t t e r cover Percentage ground s u r f a c e w i t h i n 
q u a drat covered by l i t t e r . 
L i t t e r d e p t h Mean dep t h (cm) o f l i t t e r w i t h i n 
q u a d r a t . 
Bare ground Percentage ground s u r f a c e v i s i b l e 
w i t h i n q u a d r a t . 
Herbaceous s p e c i e s Percentage ground s u r f a c e w i t h i n 
abundance q u a d r a t covered by a g i v e n s p e c i e s . (At 
W h i t w e l l Wood p a r t i c u l a r a t t e n t i o n was 
p a i d t o g r a s s , dog's mercury and 
bramble and a t M i l l d e n t o g r a s s , 
bracken and Calluna h e a t h e r ) . 
5m squares and s e l e c t i n g t h r e e by g e n e r a t i n g t h r e e random 
numbers on a pocket c a l c u l a t o r . Because t h e t r e e s were more 
w i d e l y spaced a t M i l l d e n , a l a r g e r g r i d o f 40m x 40m, which 
was d i v i d e d i n t o 16 numbered 10m x 10m squares, was used. 
Each s e t o f measurements was c e n t r e d on a 0.25m2 q u a d r a t 
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p l a c e d i n t h e c e n t r e o f each s e l e c t e d square. D e t a i l s o f 
t h e parameters measured are g i v e n i n Table 5.3. The mean 
area p e r t r e e and mean b a s a l area were c a l c u l a t e d from 
p o i n t - q u a r t e r measurements (Cottarn & C u r t i s 1956) . Trees 
were d e f i n e d as woody stems >9m h i g h and >10cm d i a m e t e r a t 
b r e a s t h e i g h t (DBH), s a p l i n g s as woody stems >9m h i g h and 
<10cm DBH, and shrubs as woody stems >lm and <9m h i g h . 
Ground cover was t a k e n t o be any v e g e t a t i v e m a t e r i a l <lm 
h i g h . Percentage v a r i a b l e s were t r a n s f o r m e d w i t h a r c s i n 
p r i o r t o a n a l y s i s . 
5.3.4 I n v e r t e b r a t e sampling 
S u r f a c e - l i v i n g i n v e r t e b r a t e s were sampled a t each n e s t 
s i t e , a d u l t f e e d i n g l o c a t i o n and p a i r e d random s i t e by 
means o f p i t f a l l t r a p p i n g . D e s p i t e t h e problem o f 
d i f f e r e n t i a l s u s c e p t i b i l i t y o f i n v e r t e b r a t e s p e c i e s t o 
t r a p p i n g a c c o r d i n g t o t h e i r b e h a v i o u r (e.g. L u f f 1978, 
W i l l i a m s 1959) , p i t f a l l t r a p p i n g i s an adequate means o f 
a s s e s s i n g t h e r e l a t i v e numbers o f a s p e c i e s i n d i f f e r e n t 
v e g e t a t i o n t y p e s (Greenslade 1964) . Ten t r a p s were s e t f o r 
a p e r i o d o f t e n days a t each l o c a t i o n d u r i n g mid-May. The 
i n v e r t e b r a t e c a t c h i n each t r a p was t a k e n t o be independent 
o f t h e c a t c h i n t h e o t h e r t r a p s and comparisons between 
s i t e s were based on t h e c a t c h i n each t r a p d u r i n g t h e t e n 
day p e r i o d . Earthworms were sampled by t a k i n g 11cm d i a m e t e r 
(95cm 2) s o i l c ores o r by d i g g i n g 25cm square (625cm 2) t u r f s 
t o a d e p t h o f 7cm ( t h e average l e n g t h o f t h e woodcock b i l l ) 
and h a n d s o r t i n g . 
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5.3.5 F a e c a l a n a l y s i s and determination of d i e t s e l e c t i o n 
Woodcock faeces were c o l l e c t e d from f u l l - g r o w n b i r d s 
and from c h i c k s a t W h i t w e l l Wood i n 1991 and 1992 and a t 
M i l l d e n i n 1992. Samples were s t o r e d i n 70% a l c o h o l . B e f o r e 
e x a m i n a t i o n , t h e samples were washed t h r o u g h two s i e v e s , 
one w i t h a 0.254mm mesh and one w i t h a 0.075mm mesh. T h i s 
was necessary t o remove f i n e g r a n u l a r p a r t i c l e s t h a t 
o t h e r w i s e c l o u d e d t h e samples and made t h e f o o d i t e m s 
d i f f i c u l t t o d e t e c t . The f i r s t s i e v e r e t a i n e d most o f t h e 
a r t h r o p o d fragments and l a r g e earthworm chaetae, b u t t h e 
second was r e q u i r e d i n o r d e r t o r e t a i n s m a l l earthworm 
chaetae. 
For a n a l y s i s t h e samples were p l a c e d i n an 8 9mm 
d i a m e t e r P e t r i d i s h w i t h a 55mm d i a m e t e r d i s h g l u e d i n t h e 
c e n t r e , f o r m i n g a 17mm a n n u l a r c h a n n e l . The u n d e r s i d e o f 
th e d i s h was i n s c r i b e d w i t h r a d i a l l i n e s a t 22.5° 
i n t e r v a l s , d i v i d i n g t h e annulus i n t o 16 equ a l s e c t o r s . The 
samples were examined a t 3 Ox m a g n i f i c a t i o n under a 
b i n o c u l a r microscope. Because t h e y c o n t a i n e d p i e c e s o f 
i n s e c t c u t i c l e and o t h e r d e b r i s t h a t was d i f f i c u l t t o 
a t t r i b u t e t o p a r t i c u l a r t a x a , t h e counts o f p r e y remains 
were r e s t r i c t e d t o items t h a t were r e a d i l y i d e n t i f i a b l e and 
were c a r r i e d i n known numbers. B e e t l e s were i d e n t i f i e d by 
means o f l e g s , head capsules and mandibles and s p i d e r s and 
harvestmen by l e g fragments and c h e l i c e r a e . For w o o d l i c e , 
b o t h l e g s and t e r g i t e s were counted and f l i e s were 
i d e n t i f i e d by means o f wings. Fragment i d e n t i f i c a t i o n was 
a i d e d by comparison w i t h r e f e r e n c e c o l l e c t i o n s o f 
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i n v e r t e b r a t e s f r o m b o t h s t u d y areas and Royal E n t o m o l o g i c a l 
S o c i e t y keys t o t h e main i n s e c t t a x a . 
No d i s c r e t e s t r u c t u r e s were i d e n t i f i e d f o r m i l l i p e d e s 
and f r a g m e n t s o f t h e c h a r a c t e r i s t i c a l l y s t r i a t e d p o s t e r i o r 
m a r g i n o f t h e segmental r i n g e x o s k e l e t o n were counted 
(Green & T y l e r 1989) . Most o f these fragments were o f 
f a i r l y u n i f o r m s i z e (about 1mm a l o n g t h e r i n g 
c i r c u m f e r e n c e ) and l a r g e r p i e c e s were m e n t a l l y s u b d i v i d e d 
when a c c u m u l a t i n g t h e fragment c o u n t . Large numbers o f 
earthworm chaetae were p r e s e n t and were o n l y counted f o r a 
q u a r t e r o f each sample by r e c o r d i n g t h e c o n t e n t s o f e v e r y 
f o u r t h s e c t o r o f t h e d i s h . The f i g u r e o f 1080 chaetae was 
t a k e n t o comprise one earthworm, b e i n g t h e mean o f 
e s t i m a t e s made by Bouche & Gardner (1984); n=966 chaetae 
p e r earthworm, Wroot (1985); n=1080 chaetae p e r worm, and 
Green & T y l e r (1989) ; n=1191 chaetae per worm. 
I n o r d e r t o overcome t h e problem o f d i f f e r e n t 
d i g e s t i o n r a t e s o f d i f f e r e n t p r e y t a x a when e s t i m a t i n g t h e 
r e l a t i v e p r o p o r t i o n s o f p r e y i n t h e d i e t f r o m t h e i r 
p r o p o r t i o n s i n t h e f a e c a l remains, c o n v e r s i o n f a c t o r s based 
on those o b t a i n e d from s t u d i e s on a c a p t i v e a d u l t s tone 
c u r l e w Burhinus oedicnemus (Green & T y l e r 1989) and c a p t i v e 
l a p w i n g Vanellus vanellus c h i c k s ( G a l b r a i t h 1989) were used 
(Table 5.4). Because t h e number o f m i l l i p e d e f r a g m e n t s 
r e c o v e r e d was dependent on t h e s i z e o f t h e a n i m a l s 
i n g e s t e d , t h e w i d t h o f t h e s t r i a t e d p o s t e r i o r margin (w) 
was measured t o 0.05mm w i t h a micrometer eyepiece and t h e 
number o f fragments c o m p r i s i n g a s i n g l e m i l l i p e d e was 
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e s t i m a t e d u s i n g t h e f u n c t i o n g i v e n by Green & T y l e r (1989): 
403 . 8 t ^ 2 - 9 9 4 . 
The same c o n v e r s i o n f a c t o r s were a p p l i e d t o fragments 
fr o m samples c o l l e c t e d from woodcock a d u l t s and c h i c k s 
because t h e r e have been t o o few s t u d i e s o f d i f f e r e n t i a l 
d i g e s t i o n r a t e s t o enable age c l a s s e s t o be t r e a t e d 
s e p a r a t e l y . However, t h e r e are bound t o be some d i f f e r e n c e s 
i n d i g e s t i v e e f f i c i e n c y between a d u l t s and c h i c k s , and t h e 
e f f i c i e n c y i s a l s o l i k e l y t o d i f f e r from t h a t o f stone 
c u r l e w s and l a p w i n g s . 
Table 5.4 Conversion f a c t o r s used t o c o r r e c t f o r t h e 
d i f f e r e n t d i g e s t i o n r a t e s o f d i f f e r e n t p r e y t a x a i n t h e 
woodcock d i e t (based on Green & T y l e r 1989 and G a l b r a i t h 
1989). 
Prey t a x a C h a r a c t e r i s t i c C o n v e r s i o n 
remain f a c t o r 
L u m b r i c i d a e Chaeta 4 46 
Scarabaeidae, Carabidae, 
C u r c u l i o n i d a e and o t h e r T i b i a 1 21 
b e e t l e s Mandible/head 1 36 
S t a p h y l i n i d a e T i b i a 1 47 
Mandible/head 1 69 
C o l e o p t e r a l a r v a e T i b i a / m a n d i b l e 
/head 1 50 
F o r m i c i d a e T i b i a / w h o l e 1 21 
L e p i d o p t e r a l a r v a e Mandible/whole 1 50 
Araneae, O p i l i o n e s T a r sus/metatarsus 
/ c h e l i c e r a 2 .34 
D i p l o p o d a E x o s k e l e t o n fragment 8 . 93 
On i s c o i d e a L e g / t e r g i t e 10 .42 
D i p t e r a Wing 1 . 50 
The number o f p r e y animals i n each sample was 
e s t i m a t e d and t h e p r o p o r t i o n comprised by each t a x o n was 
c a l c u l a t e d . E s t i m a t e d p r e y f r e q u e n c y based on a l l samples 
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was c o n v e r t e d t o percentage o f p r e y biomass u s i n g mean d r y 
w e i g h t s f o r each t a x o n (Appendix 5.2) . These were o b t a i n e d 
by o v e n - d r y i n g t e n i n d i v i d u a l s o f each group f o r t h r e e days 
t o c o n s t a n t w e i g h t and w e i g h i n g them t o t h e n e a r e s t 0.lmg. 
The p e r c e n t a g e f r e q u e n c i e s o f c a r a b i d s , s t a p h y l i n i d s , 
a l l o t h e r a d u l t b e e t l e s , b e e t l e l a r v a e , s p i d e r s and 
harvestmen, m i l l i p e d e s and w o o d l i c e were used t o t e s t f o r 
d i e t p r e f e r e n c e s i n a d u l t woodcock and i n c h i c k s . These 
t a x a were c o n s i d e r e d t o be s i m i l a r l y m o b i l e such t h a t t h e i r 
abundance i n p i t f a l l t r a p s was a p p r o x i m a t e l y r e p r e s e n t a t i v e 
o f t h e i r abundance i n t h e s t u d y area. C a t e r p i l l a r s , s a w f l y 
l a r v a e and f l i e s were excluded because these t a x a were 
l i k e l y t o have been u n d e r - r e p r e s e n t e d i n p i t f a l l t r a p s . 
S i m i l a r l y , earthworms were not i n c l u d e d because t h e y were 
sampled by a d i f f e r e n t method and t h e i r abundance c o u l d n o t 
be compared w i t h t h a t o f t h e t a x a sampled by p i t f a l l 
t r a p p i n g . 
The d a t a were examined f o r d i e t p r e f e r e n c e s u s i n g two 
methods; c o m p o s i t i o n a l a n a l y s i s ( A i t c h i s o n 1986, A e b i s h c e r 
et al. 1993) and Jacobs (1974) p r e f e r e n c e i n d e x . 
C o m p o s i t i o n a l a n a l y s i s a v o i d s t h e u n i t - s u m c o n s t r a i n t w h i c h 
i s a problem i n t h e use o f Jacobs p r e f e r e n c e i n d e x . 
However, f a e c a l samples were o n l y o b t a i n e d from a s m a l l 
number o f b i r d s i n t h i s s t u d y and t h i s reduced t h e power o f 
c o m p o s i t i o n a l a n a l y s i s t o d e t e r m i n e s i g n i f i c a n t d i f f e r e n c e s 
i n t h e s e l e c t i o n o f d i f f e r e n t p r e y t a x a . Thus t h e r e s u l t s 
f rom b o t h methods were compared. I n t h e c o m p o s i t i o n a l 
a n a l y s i s s p i d e r s and harvestmen were used as t h e 
denominator i n t h e c a l c u l a t i o n o f l o g - r a t i o s . The r e s u l t s 
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o f t h e a n a l y s i s do n o t depend on which p r e y t a x o n was used 
as denominator. Jacobs (1974) p r e f e r e n c e i n d e x was 
c a l c u l a t e d as: 
D=(r-p)I(r+p-2rp) 
where r was t h e p r o p o r t i o n o f each p r e y t a x o n i n t h e 
woodcock d i e t and p was t h e p r o p o r t i o n o f each p r e y t a x o n 
i n t h e s t u d y area e s t i m a t e d on t h e b a s i s o f p i t f a l l 
t r a p p i n g . The i n d e x ranges from -1 t o +1 i n d i c a t i n g 
complete avoidance and e x c l u s i v e use r e s p e c t i v e l y . Zero 
i n d i c a t e s t h a t t h e p r e y t a x o n was used i n p r o p o r t i o n t o i t s 
a v a i l a b i l i t y . 
5.4 RESULTS 
5.4.1 Home range s i z e and movements of woodcock during the 
breeding season 
The s i z e o f d i u r n a l minimum convex p o l y g o n (MCP) home 
ranges e s t a b l i s h e d by r a d i o t a g g e d woodcock a t W h i t w e l l Wood 
v a r i e d c o n s i d e r a b l y between i n d i v i d u a l s , w i t h home ranges 
s t a n d a r d i z e d on 35 f i x e s ( H a r r i s e t a l . 1990) v a r y i n g f r o m 
6.6ha t o 130ha (Table 5.5). 
The v a r i a t i o n was not r e l a t e d t o t h e age c l a s s ( f i r s t -
y e a r o r a d u l t ) ( t = 0 . 1 1 , df=12, N.S.) o r sex (t= 1 . 3 0 , d f = 1 2 , 
N.S.) o f i n d i v i d u a l s . The d a i l y ranges (based on e i g h t 
r a d i o l o c a t i o n s p er day) o f a l l i n d i v i d u a l s were g e n e r a l l y 
much s m a l l e r , v a r y i n g from 0.13ha t o 0.67ha (n=5) , and t h e 
d i f f e r e n c e i n t h e s i z e o f home ranges appeared t o be due t o 
d i f f e r e n c e s between i n d i v i d u a l s i n t h e f r e q u e n c y w i t h w h i c h 
t h e y changed f e e d i n g areas. 
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Table 5.5 D i u r n a l minimum convex po l y g o n (MCP) home range 
s i z e s f o r r a d i o t a g g e d woodcock a t W h i t w e l l Wood. 
Radio Age Sex Number No. o f MCP home range (ha) 
f r e q . o f days r a d i o -
m o n i t o r e d l o c a t i o n s T o t a l S t a n d a r d i z e d 
on 35 r a d i o -
l o c a t i o n s 
861 A d u l t M 38 36 86 86 
862 A d u l t F 50 37 7 7 
863 A d u l t M 77 27 68 125* 
864 1 s t - y r M 22 33 47 70* 
865 1 s t - y r M 21 25 95 130* 
866 l s t - y r M 27 39 15 14 
867 A d u l t M 26 56 66 58 
868 A d u l t M 38 99 97 50 
869 A d u l t M 24 44 54 53 
8610 l s t - y r M 32 69 52 34 
8611 A d u l t M 17 48 54 51 
8612 A d u l t F 19 36 56 56 
220 l s t - y r M 45 17 24 61* 
513 A d u l t M 29 21 35 51* 
* E s t i m a t e o f home range s i z e a t 3 5 r a d i o l o c a t i o n s d e r i v e 
f r o m t h e i n c r e a s e i n home range s i z e from t e n t o 2 
r a d i o l o c a t i o n s . 
D u r i n g March, A p r i l and May, t h e r a d i o t a g g e d woodcock 
r e g u l a r l y l e f t W h i t w e l l Wood t o fe e d and r o o s t on t h e 
s u r r o u n d i n g f i e l d s a t n i g h t (Table 5.6) . The f l i g h t s t o 
f i e l d s were made i m m e d i a t e l y a f t e r t h e dusk r o d i n g p e r i o d 
and t h e mean d i s t a n c e t r a v e l l e d was 800±61m ( + se, range 70-
1,860m, n=58) . The b i r d s remained on t h e f i e l d s f o r t h e 
e n t i r e n i g h t , as i n w i n t e r . A l t h o u g h t h e sample o f woodcock 
m o n i t o r e d i n t h i s s t u d y r e f l e c t e d l a r g e l y t h e b e h a v i o u r o f 
male b i r d s , t h e two females, p l u s two o t h e r s m o n i t o r e d 
p r i o r t o n e s t i n g , a l s o v i s i t e d f i e l d s a t n i g h t when n o t 
i n c u b a t i n g eggs o r r e a r i n g c h i c k s . The woodcock r e g u l a r l y 
used permanent p a s t u r e s , o c c a s i o n a l l y used f i r s t - y e a r l e y 
and weedy w i n t e r wheat f i e l d s and c o m p l e t e l y a v o i d e d c l e a n 
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F i g u r e 5„1 Comparison of a v a i l a b l e earthworm d e n s i t i e s i n 
the top 7cm of s o i l i n woodland and d i f f e r e n t types of 
f i e l d s i n NE Derbyshire i n l a t e March. ( E r r o r bars are +lse; 
one-way ANOVA F=22.27, df=3,44, p<0.001,° l e t t e r s i n d i c a t e no 
s i g n i f i c a n t d i f f e r e n c e between p a i r s of v a l u e s i n the Duncan 
m u l t i p l e range t e s t , p>0.05). 
Earthworm 












p a s t u r e l e y / p l o u g h w o o d l a n d 
w h e a t 
n = 12 n = 8 n = 8 n = 20 
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w i n t e r wheat and ploughed f i e l d s . They were f o u n d on 
permanent p a s t u r e and f i r s t - y e a r l e y on 38 o f 61 b i r d -
n i g h t s (62%) d e s p i t e t h e f a c t t h a t a r a b l e f i e l d s 
outnumbered grass f i e l d s by 18:1. The c h o i c e o f permanent 
p a s t u r e f i e l d s was u n d o u b t e d l y r e l a t e d t o t h e h i g h 
d e n s i t i e s o f earthworms t h a t t h e y s u p p o r t e d i n comparison 
w i t h f i r s t - y e a r l e y , w i n t e r wheat o r ploughed f i e l d s 
( F i g u r e 5.1). Changes i n t h e r e l a t i v e a v a i l a b i l i t y o f 
i n v e r t e b r a t e p r e y , p a r t i c u l a r l y t h a t o f earthworms, i n t h e 
f i e l d s and woodland d u r i n g t h e course o f t h e s p r i n g 
p r o v i d e d t h e most l i k e l y e x p l a n a t i o n f o r t h e change f r o m 
f i e l d t o woodland f e e d i n g by t h e woodcock i n June. The 
a v a i l a b i l i t y o f earthworms i n t h e t o p s o i l d e c l i n e d r a p i d l y 
i n p a s t u r e f i e l d s f rom A p r i l t o June whereas t h e i r 
a v a i l a b i l i t y i n t h e woodland remained r e l a t i v e l y c o n s t a n t 
over t h e same p e r i o d ( F i g u r e 5.2). 
Table 5.6 Frequency o f use o f t h e f i e l d s s u r r o u n d i n g 
W h i t w e l l Wood by woodcock a t n i g h t d u r i n g t h e b r e e d i n g 
season. 
March A p r i l May June J u l y 
B i r d - n i g h t s 9 62 61 61 11 
Number o f b i r d - n i g h t s 
spent on f i e l d s 8 49 50 20 1 
Percent o f b i r d -
n i g h t s spent on f i e l d s 89 79 82 33 9 
L a t e r i n t h e season when t h e y r o o s t e d i n t h e woodland, 
the r a d i o t a g g e d woodcock e x h i b i t e d a p r e f e r e n c e f o r 
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F i g u r e 5-2 The change i n a v a i l a b l e earthworm d e n s i t y i n 
pasture f i e l d s and i n woodland during s p r i n g and e a r l y 
summer i n NE Derbyshire. ( E r r o r bars are + l s e ; a s t e r i s k s 
denote s i g n i f i c a n t one-way ANOVAs between h a b i t a t s , 
* p<0.05, *** p<0„01; l e t t e r s i n d i c a t e no s i g n i f i c a n t 
d i f f e r e n c e between p a i r s of va l u e s f o r the same h a b i t a t type 
i n the Duncan m u l t i p l e range t e s t , p>0«05)„ 
Earthworm 
d e n s i t y 
(no ./m2) 
250 - i 
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c o n i f e r o u s areas, p a r t i c u l a r l y young ( t e n y ear) Scots p i n e , 
u s i n g t hese on 48% o f 56 occasions even though c o n i f e r o n l y 
comprised 6.8% o f t h e area o f W h i t w e l l Wood. The mean 
d i s t a n c e between d i u r n a l f e e d i n g l o c a t i o n s and n o c t u r n a l 
r o o s t s i t e s was s i m i l a r i r r e s p e c t i v e o f where t h e woodcock 
r o o s t e d ; c o n i f e r , 320±39m (±se, n=24) as opposed t o 
sycamore o r beech, 258+67m (±se, n=20) (t=0.84, df=42, 
N.S.). Scots p i n e p l a n t a t i o n s were f r e q u e n t e d s i g n i f i c a n t l y 
more a t n i g h t (48% o f r a d i o l o c a t i o n s ) t h a n d u r i n g t h e day 
(16% o f r a d i o l o c a t i o n s ) (Table 5.7). 
Table 5.7 R e l a t i v e use o f c o n i f e r , beech and sycamore 
stands by r a d i o t a g g e d woodcock d u r i n g t h e day and n i g h t a t 
W h i t w e l l Wood. 
F i g u r e s are t h e number o f r a d i o l o c a t i o n s f r o m 12 b i r d s . X 2 
t e s t s a re based on t h e percentage use o f each h a b i t a t by 
day and by n i g h t . 
C o n i f e r Beech Sycamore 
Day 86 (16%) 164 (30%) 297 (54%) 
N i g h t 27 (48%) 12 (22%) 17 (30%) 
X 2 = 
d f = l , 
16 . 0, 
p<0 . 001 
X 2=1.2, 
d f = l , N.S. 
X 2 = 
d f = l 
6.9, 
, p<0.05 
The s t a n d a r d i z e d (n=35 r a d i o l o c a t i o n s ) minimum convex 
p o l y g o n home ranges o f t e n r a d i o t a g g e d woodcock a t M i l l d e n 
v a r i e d i n s i z e between 9.5ha and 124.8ha (Table 5.8) and 
d i d n o t d i f f e r s i g n i f i c a n t l y f r o m t h e s i z e o f home ranges 
used by woodcock a t W h i t w e l l Wood (mean+se, 50.5±10.9ha and 
60.4+9.3ha r e s p e c t i v e l y ; t=0.69, df=22, N.S.). Again, t h e 
d i f f e r e n c e s i n home range s i z e between i n d i v i d u a l b i r d s a t 
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M i l l d e n were n o t age c l a s s (t=1.87, df=8 N.S.) o r sex 
( t = 1.01, d f = 8, N.S.) r e l a t e d and t h e s i z e o f d a i l y range 
areas was s m a l l ; 0.34-0.81ha (n=5 b i r d - d a y s ) . D e s p i t e t h e 
presence o f improved p a s t u r e i n c l o s e p r o x i m i t y t o t h e 
woodland a t M i l l d e n , t h e woodcock were n o t r e c o r d e d u s i n g 
f i e l d s a t n i g h t as t h e y d i d a t W h i t w e l l Wood. The l o c a t i o n s 
o f t h e r a d i o t a g g e d woodcock f o l l o w i n g r o d i n g r e v e a l e d t h a t 
t h e y were r o o s t i n g i n woodland d u r i n g March and A p r i l and 
no woodcock were seen d u r i n g spot-lamp searches o f improved 
p a s t u r e s and areas o f rough g r a z i n g . 
Table 5.8 D i u r n a l minimum convex p o l y g o n (MCP) home range 
s i z e s f o r r a d i o t a g g e d woodcock a t M i l l d e n . 
Radio Age Sex Number No. o f MCP home range (ha) 
f r e q . o f days r a d i o -
m o n i t o r e d l o c a t i o n s T o t a l S t a n d a r d i z e d 
on 35 r a d i o -
l o c a t i o n s 
500 l s t - y r M 
518 1 s t - y r M 
229 A d u l t F 
260 1 s t - y r F 
277 A d u l t F 
299 A d u l t F 
300 l s t - y r F 
250 A d u l t F 
281 A d u l t F 





















*Estimate o f home range s i z e a t 35 r a d i o l o c a t i o n s d e r i v e d 
f rom t h e i n c r e a s e i n range s i z e from t e n t o 21 
r a d i o l o c a t i o n s . 
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5.4.2 H a b i t a t use by woodcock i n a mixed deciduous, lowland 
woodland s i t u a t i o n (Whitwell Wood) 
D i f f e r e n t i a t i o n between stands of d i f f e r e n t t r e e s p e c i e s 
There was a h i g h degree o f o v e r l a p amongst t h e minimum 
convex p o l y g o n home ranges o f t h e d i f f e r e n t r a d i o t a g g e d 
woodcock a t W h i t w e l l Wood (mean 50.4% o v e r l a p between t h e 
ranges f o r a l l p a i r s o f b i r d s ) and most were c e n t r e d on 
sycamore s t a n d s . The percentage h a b i t a t c o m p o s i t i o n s w i t h i n 
each o f t h e home ranges and as d e s c r i b e d by t h e 
r a d i o l o c a t i o n d i s t r i b u t i o n s a re g i v e n i n Appendix 5.3. The 
o v e r a l l comparison o f h a b i t a t use from t h e home ranges 
compared t o h a b i t a t a v a i l a b i l i t y i n t h e s t u d y area gave 
A=0.3315 (X 2=15.5, df = 6 , p<0.05), i m p l y i n g t h a t t h e home 
ranges were n o t e s t a b l i s h e d a t random w i t h i n t h e wood. A 
r a n k i n g m a t r i x o r d e r e d t h e h a b i t a t t y pes i n t h e sequence 
c o n i f e r > sycamore w i t h dog's mercury > beech w i t h 
b l u e b e l l s > sycamore w i t h bramble > sycamore c o p p i c e > 
beech w i t h bramble > beech w i t h ramsons (Table 5.9). 
There were no s i g n i f i c a n t d i f f e r e n c e s between t h e 
f i r s t f i v e h a b i t a t s , i m p l y i n g t h a t t h e o r d e r o f t h e i r 
a s s i g n e d ranks meant l i t t l e , b u t beech w i t h ramsons was 
used s i g n i f i c a n t l y l e s s t h a n any o f t h e h a b i t a t s except 
beech w i t h bramble and c o n i f e r . Beech w i t h bramble was 
f r e q u e n t e d s i g n i f i c a n t l y l e s s t h a n c o n i f e r and beech w i t h 
b l u e b e l l s (Table 5.10). Together t h e beech w i t h ramsons and 
beech w i t h bramble h a b i t a t s comprised 2 1 % o f t h e a v a i l a b l e 
woodland. The i m p l i c a t i o n o f t h i s a n a l y s i s i s t h a t d i u r n a l 
woodcock home ranges were e s t a b l i s h e d p r e d o m i n a n t l y i n t h e 
sycamore areas o f W h i t w e l l Wood. The h i g h u t i l i z a t i o n o f 
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Table 5,9 Matrix of means and standard e r r o r s of l o g - r a t i o 
d i f f e r e n c e s averaged over a l l 14 radiotagged woodcock a t 
Whitwell Wood f o r comparing h a b i t a t use based on minimum 
convex polygon home ranges with a v a i l a b i l i t y i n the t o t a l 
study are a (top)„ 
The i m p l i c a t i o n s f o r h a b i t a t use are r e v e a l e d by replacement 
of each element by i t s s i g n (bottom) and counting the number 
of p o s i t i v e v a l u e s i n each row to give a rank. The row with 
the most p o s i t i v e values (rank 6) corresponds to the most-
used h a b i t a t type, the one with the most negatives (rank 0) 
i s the l e a s t used. Where a mean d i f f e r s s i g n i f i c a n t l y from 
zero (p<0.05, df=l2) the s i g n i s t r i p l e d . 
Sycara. Sycam. Sycara. Beech Beech Beech C o n i f e r 
&bram. &dog's copp. &bram. &rams. fiblue-



















































































































































































Sycam. Sycam. Sycam. Beech Beech Beech C o n i f e r Rank 
&bram. Sdog's copp. &bram. Srams. S b l u e -




& dog's + 
mercury 
Sycamore 





Beech & + 
b l u e b e l l s 
C o n i f e r + + 
+ + +++ - 3 
+ + +++ + - 5 
+ +++ - - 2 
+ 1 
+ +++ +++ - 4 
+ +++ + + 6 
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sycamore stands s u p p o r t s t h e f i n d i n g o f H i r o n s & Johnson 
(1987) t h a t these areas were p r e f e r r e d f o r f e e d i n g . 
However, t h e r e l a t i v e l y h i g h use o f c o n i f e r and beech w i t h 
b l u e b e l l s i s s u r p r i s i n g as th e s e h a b i t a t s s u p p o r t e d o n l y 
low a v a i l a b l e d e n s i t i e s o f earthworms (see s e c t i o n 5.4.4) . 
Table 5.10 H a b i t a t r a n k i n g based on the s e l e c t i o n o f home 
ranges w i t h i n W h i t w e l l Wood, showing where d i f f e r e n c e s 
between ranks are s t a t i s t i c a l l y s i g n i f i c a n t . Ranks whic h do 
not d i f f e r s i g n i f i c a n t l y (p>0.05) a c c o r d i n g t o t h e m a t r i c e s 
i n Table 5.9 are a s s i g n e d t h e same l e t t e r i n t h e "ranks 
d i f f e r " column. 
Rank H a b i t a t Ranks d i f f e r 
6 C o n i f e r a d 
5 Sycamore & dog's mercury a b 
4 Beech & b l u e b e l l s a 
3 Sycamore & bramble a b 
2 Sycamore c o p p i c e a b 
1 Beech & bramble b c 
0 Beech & ramsons c d 
There was no f u r t h e r s e l e c t i o n o f p a r t i c u l a r h a b i t a t s 
by r a d i o t a g g e d woodcock w i t h i n home ranges ( w e i g h t e d 
mean A=0.4903, p=0.432 by r a n d o m i z a t i o n ) , b u t t h i s was 
p r o b a b l y because sycamore areas comprised a l a r g e 
p r o p o r t i o n o f most o f t h e home ranges. I t was, o f cou r s e , 
p o s s i b l e t h a t t h e r e was a change i n t h e p a t t e r n o f h a b i t a t 
use by woodcock w i t h i n home ranges d u r i n g t h e course o f t h e 
b r e e d i n g season, as changes i n t h e v e g e t a t i o n o c c u r r e d . I n 
o r d e r t o t e s t whether t h i s was t h e case, t h e h a b i t a t 
c o m p o s i t i o n s o f t h e r a d i o l o c a t i o n s o f b i r d s t r a c k e d d u r i n g 
A p r i l and May (861, 862, 863, 864, 865, 866, 867, 8612, 
22 0) were compared w i t h t hose o f b i r d s t r a c k e d d u r i n g June 
178 
and J u l y (863, 868, 869, 8610, 8611, 220, 513) . The herb 
l a y e r ground f l o r a , c o n s i s t i n g p r e d o m i n a n t l y o f dog's 
mercury, wood s o r r e l Oxalis acetosella, b l u e b e l l s and 
ramsons, was most p r o f u s e d u r i n g A p r i l and May, b u t d i e d 
back d u r i n g June and J u l y when bramble and bracken had 
s t a r t e d t o grow and become more dominant. There was, 
however, no s i g n i f i c a n t d i f f e r e n c e i n t h e o v e r a l l p a t t e r n 
o f h a b i t a t use between t h e two t i m e p e r i o d s ; MANOVA F=0.75 
( W i l k ' s A=0.5338), d f = 7,6, N.S., nor i n t h e use o f any 
i n d i v i d u a l h a b i t a t (one-way ANOVAs a l l not s i g n i f i c a n t ) . 
There were s e v e r a l s i g n i f i c a n t u n i v a r i a t e d i f f e r e n c e s 
between a d u l t woodcock f e e d i n g l o c a t i o n s and p a i r e d random 
l o c a t i o n s w i t h i n sycamore stands a t W h i t w e l l Wood. Feeding 
l o c a t i o n s had a h i g h e r percentage o f t o t a l v e g e t a t i o n 
cover, comprised l a r g e l y o f dog's mercury and g r a s s e s . They 
a l s o had a h i g h e r d e n s i t y of shrubs and r e l a t i v e l y l i t t l e 
dead wood o r l e a f l i t t e r (Table 5.11). The magnitude o f t h e 
d i f f e r e n c e s between t h e f e e d i n g and t h e random s i t e s 
suggested t h a t t h e shrub stem d e n s i t y , t h e p e r c e n t a g e cover 
of dog's mercury and t h e p e r c e n t a g e cover o f g r a s s were t h e 
most i m p o r t a n t o f these f a c t o r s . 
Stepwise d i s c r i m i n a n t f u n c t i o n a n a l y s i s between p a i r e d 
f e e d i n g and random s i t e s y i e l d e d an e q u a t i o n w h i c h 
c o r r e c t l y c l a s s i f i e d 92% o f s i t e s on t h e b a s i s o f e i g h t 
v a r i a b l e s . The s t a n d a r d i z e d d i s c r i m i n a n t f u n c t i o n 
c o e f f i c i e n t s are g i v e n i n Table 5.12, t h e magnitude o f each 
c o n v e y i n g t h e i r r e l a t i v e i mportance and t h e s i g n s 
i n d i c a t i n g whether each v a r i a b l e was w e i g h t e d towards 
f e e d i n g (+) o r random (-) s i t e s . C l e a r l y t h e p e r c e n t a g e 
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covers o f dog's mercury and gra s s were t h e most i m p o r t a n t 
f a c t o r s i n d e t e r m i n i n g whether o r n o t a p a r t i c u l a r area was 
l i k e l y t o be used f o r f e e d i n g by woodcock. 
Table 5.11 Means and s t a n d a r d d e v i a t i o n s o f h a b i t a t 
v a r i a b l e s t h a t were s i g n i f i c a n t l y d i f f e r e n t between 
woodcock f e e d i n g l o c a t i o n s and p a i r e d random s i t e s w i t h i n 
sycamore stands a t W h i t w e l l Wood (Mann-Whitney U - t e s t ) . 
V a r i a b l e Feeding Random U S i g . 
s i t e s (n=24 s i t e s (n=24 
q u a d r a t s ) q u a d r a t s ) 
Shrub stem d e n s i t y 
(stems i n 3m r a d i u s ) 14 6 ±11 0 3 8 ± 6. 9 89 0 p<0 001 
Brushwood d e n s i t y 
(dead stems i n 
3m r a d i u s ) 46 5 + 16 3 64 7 ±22 . 6 147 5 p<0 01 
V e g e t a t i o n cover (%) 72 9 ±18 2 49 9 ±23 . 9 127 5 p<0 001 
L i t t e r cover (%) 38 4 ±31 8 79 0 ±20 . 8 90 0 p<0 001 
L i t t e r d e p t h (cm) 2 5i 3 ±1 55 4 11 1 ±1- 32 86 5 p<0 001 
Dog's mercury 
(% cover) 48 7 ±33 4 11 3 ±19 . 4 104 0 p<0 001 
Grass (% cover) 14 6 ±22 5 2 3 ± 5 . 9 152 5 p<0 01 
Table 5.12 S t a n d a r d i z e d d i s c r i m i n a n t f u n c t i o n c o e f f i c i e n t s 
f o r d i s c r i m i n a t i n g between woodcock f e e d i n g l o c a t i o n s and 
p a i r e d random s i t e s w i t h i n sycamore stands a t W h i t w e l l 
Wood. 
Importance V a r i a b l e S t a n d a r d i z e d 
r a n k c o e f f i c i e n t 
1 Dog's mercury (% cover) 1.400 
2 Grass (% cover) 0 . 874 
3 V e g e t a t i o n cover (%) -0 . 706 
4 Brushwood d e n s i t y -0.388 
5 S a p l i n g d e n s i t y 0 . 312 
6 Bramble (% cover) 0.300 
7 Shrub stem d e n s i t y 0 . 279 
8 L i t t e r cover (%) -0.269 
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D i f f e r e n t i a t i o n between woodland edges and the centre of 
stands 
Comparison o f t h e p r o p o r t i o n s o f woodland edge and 
non-edge h a b i t a t s w i t h i n minimum convex p o l y g o n home ranges 
w i t h t hose i n t h e s t u d y area (Appendix 5.4), gave a mean 
d i f f e r e n c e i n l o g - r a t i o s f o r a l l 14 b i r d s o f -0.041+0.113 
(±se) . T h i s v a l u e does n o t d i f f e r s i g n i f i c a n t l y f rom zero 
(t=0.37, df=12 N.S.), i n d i c a t i n g t h a t t h e two h a b i t a t s were 
used a t random. However, t h e use o f edge h a b i t a t based on 
the r a d i o l o c a t i o n d i s t r i b u t i o n s was s i g n i f i c a n t l y g r e a t e r 
t h a n e x p e c t e d from t h e h a b i t a t d i s t r i b u t i o n w i t h i n t h e 
minimum convex p o l y g o n home ranges: t h e mean l o g - r a t i o 
d i f f e r e n c e was 0.362±0.153 (±se) (t=2.37, df=12, p<0.05). 
The reason t h a t t h e woodcock a t W h i t w e l l Wood made 
g r e a t e r use o f t h e edges o f woodland b l o c k s w i t h i n t h e i r 
home ranges appeared t o be because t h e edges c o n t a i n e d 
t w i c e as many shrub stems, a f f o r d i n g b e t t e r cover, and 
because t h e y o n l y had a p p r o x i m a t e l y t w o - t h i r d s t h e cover 
and d e p t h o f l e a f l i t t e r f ound i n t h e c e n t r e o f woodland 
b l o c k s , w h i c h presumably made f o r a g i n g e a s i e r (Table 5.13) . 
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Table 5.13 Means and s t a n d a r d d e v i a t i o n s o f h a b i t a t 
v a r i a b l e s t h a t d i f f e r e d s i g n i f i c a n t l y between t h e edge 
(4 0m) and t h e c e n t r e o f woodland b l o c k s a t W h i t w e l l Wood 
(Mann-Whitney U - t e s t ) . 
V a r i a b l e Edge (n=18 Centre (n=30 U S i g . 
q u a d r a t s ) q u a d r a t s ) 
S a p l i n g d e n s i t y 
( s a p l i n g s i n 
3m r a d i u s ) 0.11 ±0.32 1.47 ±2.40 173.0 p<0.05 
Shrub stem d e n s i t y 
(stems i n 3m r a d i u s ) 13.5 ±11.7 6.6 ± 9.0 156.5 p<0.05 
V e g e t a t i o n cover (%) 69.7 ±24.8 56.4 ±22.5 166.0 p<0.05 
L i t t e r c o v e r (%) 42.2 ±31.7 68.6 ±31.1 141.0 p<0.01 
L i t t e r d e p t h (cm) 2.90 ±2.02 4.15 ±1.51 173.5 p<0.05 
5.4.3 D i e t of woodcock and prey s e l e c t i o n i n mixed 
deciduous, lowland woodland 
Faecal a n a l y s i s r e v e a l e d t h a t i n a d d i t i o n t o 
earthworms, t h e woodcock a t W h i t w e l l Wood consumed a range 
o f a r t h r o p o d p r e y i n s p r i n g , i n c l u d i n g a d u l t and l a r v a l 
b e e t l e s ( C o l e o p t e r a ) , m i l l i p e d e s ( D i p l o p o d a ) , w o o d l i c e 
(Isopoda, O n i s c o i d e a ) , s p i d e r s (Araneae), harvestmen 
( O p i l i o n e s ) , c a t e r p i l l a r s ( L e p i d o p t e r a ) and s a w f l y l a r v a e 
(Hymenoptera), and f l i e s ( D i p t e r a ) . O r i b a t i d m i t e s and 
p l a n t f ragments were a l s o p r e s e n t i n t h e f a e c a l samples, 
b u t were n o t r e c o r d e d as p r e y i t e m s as t h e y were p r o b a b l y 
i n g e s t e d a c c i d e n t a l l y as a consequence o f p r o b i n g t h r o u g h 
l e a f l i t t e r . The absence o f m o l l u s c s from t h e d i e t o f a d u l t 
woodcock i s i n t e r e s t i n g and unexpected. Slugs would have 
been r e l a t i v e l y d i f f i c u l t t o d e t e c t i n t h e f a e c a l a n a l y s i s 
as o n l y t h e r a d u l a would have remained i n t a c t , b u t i f 
s n a i l s were eat e n t h e r e would have been many frag m e n t s o f 
s h e l l . Earthworms comprised 22% o f p r e y i t e m s t a k e n by 
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a d u l t woodcock and o n l y 7% o f those t a k e n by c h i c k s b u t 
were r e l a t i v e l y more i m p o r t a n t i n terms o f t o t a l p r e y 
biomass, c o m p r i s i n g 43% and 13% o f a d u l t and c h i c k d i e t s 
r e s p e c t i v e l y (Table 5.14). M i l l i p e d e s c l e a r l y comprised an 
i m p o r t a n t component o f the woodcock c h i c k d i e t a t W h i t w e l l 
Wood. 
Table 5.14 E s t i m a t e d f r e q u e n c i e s o f i n v e r t e b r a t e s i n t h e 
d i e t o f woodcock a t W h i t w e l l Wood based on f a e c a l a n a l y s i s . 
A d u l t Chick 
(23 samples (7 samples 
from 11 b i r d s ) from 7 b i r d s ) 
Prey t a x o n % o f % o f % o f % o f 
n t o t a l t o t a l n t o t a l t o t a l 
n d r y wt. n d r y wt 
Lu m b r i c i d a e 57 22 1 43 . 2 3 7 0 13 2 
Carabidae ( a d u l t ) 6 2 3 3 . 9 3 7 0 11 3 
C u r c u l i o n i d a e ( a d u l t ) 3 1 2 0 . 2 2 4 7 0 7 
S t a p h y l i n i d a e ( a d u l t ) 20 7 8 2 . 0 2 4 7 1 1 
Other a d u l t C o l e o p t e r a * 1 0 . 4 <0 . 1 -
C o l e o p t e r a l a r v a e 19 7 4 4 1 2 4 7 2 5 
L e p i d o p t e r a l a r v a e * 6 2 . 3 1. 1 -
Araneae & O p i l i o n e s 78 30 .2 6 4 10 23 3 4 8 
Diplo p o d a 50 19 . 4 35 5 14 32 6 57 6 
On i s c o i d e a 16 6 . 2 3 4 7 16 3 8 . 7 
D i p t e r a 2 0 . 8 <0 1 -
* M a i n l y E l a t e r i d a e . 
^ I n c l u d e s s a w f l y l a r v a e (Hymenoptera, Symphyta). 
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Comparison o f t h e p e r c e n t a g e biomass o f each p r e y 
t a x o n i n t h e d i e t o f a d u l t s and c h i c k s r e v e a l e d t h a t 
earthworms comprised a s i g n i f i c a n t l y l a r g e r component o f 
t h e d i e t o f a d u l t woodcock (X 2=16.0, d f = l , p<0.001) b u t t h a t 
m i l l i p e d e s comprised a s i g n i f i c a n t l y s m a l l e r p r o p o r t i o n 
(X 2=5.2, d f = l , p<0.05). S p i d e r s and harvestmen comprised an 
i m p o r t a n t n u m e r i c a l component o f t h e d i e t o f b o t h a d u l t 
woodcock and c h i c k s b u t were r e l a t i v e l y u n i m p o r t a n t i n 
terms o f biomass. Harvestmen comprised a s m a l l p r o p o r t i o n 
(<10%) o f t h e t o t a l number o f animals i d e n t i f i e d f o r t h e 
combined group. C a t e r p i l l a r s , s a w f l y l a r v a e and f l i e s were 
o n l y t a k e n by a d u l t b i r d s and t h e n comprised o n l y a v e r y 
s m a l l p r o p o r t i o n o f t h e d i e t i n terms o f p r e y f r e q u e n c y and 
biomass. 
The mean f r e q u e n c y i n t h e d i e t and t h e a v a i l a b i l i t y i n 
t h e s t u d y area o f t h e m o b i l e p r e y t a x a c o n s i d e r e d e q u a l l y 
l i k e l y t o be caught i n p i t f a l l t r a p s are g i v e n i n Table 
5.15. The p r o p o r t i o n s o f s p i d e r s and harvestmen and 
s t a p h y l i n i d s t a k e n by b o t h a d u l t woodcock and c h i c k s were 
c l e a r l y g r e a t e r t h a n t h e p r o p o r t i o n s o f these two t a x a 
a v a i l a b l e i n t h e s t u d y area. The p r o p o r t i o n o f b e e t l e 
l a r v a e i n t h e d i e t o f a d u l t woodcock was a l s o a p p r e c i a b l y 
g r e a t e r t h a n t h e a v a i l a b l e p r o p o r t i o n and t h e p r o p o r t i o n o f 
a d u l t c a r a b i d s a p p r e c i a b l y l o w e r . 
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Table 5.15 The r e l a t i v e p r o p o r t i o n s o f a v a i l a b l e p r e y t a x a 
a t W h i t w e l l Wood and t h e i r mean p r o p o r t i o n s i n t h e d i e t o f 
a d u l t woodcock and c h i c k s . 
Prey t a x o n A v a i l a b i l i t y 
i n s t u d y 
area ( % ) * 
Mean p e r c e n t f r e q u e n c y 
i n t h e d i e t (±se) 
A d u l t s 
( n = l l b i r d s ) 
Chicks 
(n=7 b i r d s ) 
Carabidae ( a d u l t ) 
S t a p h y l i n i d a e ( a d u l t ) 
O ther a d u l t C o l e o p t e r a 
C o l e o p t e r a l a r v a e 
Araneae & O p i l i o n e s 
D i p l o p o d a 
O n i s c o i d e a 
8 . 7 
12 . 9 
31.1 
2 .1 
30 . 6 
9 . 0 
5 . 6 
3.3 ± 1.4 
19.5 ± 7.5 
1.5 + 0.9 
15.4 ± 5.7 
41.2 ± 6.4 
11.8 ± 4.5 
7.3 ± 3.1 
10.2 ± 6 . 1 
20.7 ±16 . 3 
1.2 ± 1.2 
1.0 ± 1.0 
52.4 ±16 . 9 
8.7 + 8.7 
4.3 ± 4.3 
*Based on t h e p i t f a l l c a t c h f o r 1580 t r a p - d a y s i n a l l 
h a b i t a t s . 
For t h e c o m p o s i t i o n a l a n a l y s i s o f a d u l t woodcock p r e y 
s e l e c t i o n t h e " o t h e r a d u l t b e e t l e " c a t e g o r y was e x c l u d e d 
because b e e t l e s o t h e r t h a n c a r a b i d s and s t a p h y l i n i d s o n l y 
comprised a v e r y s m a l l p r o p o r t i o n o f t h e d i e t and were n o t 
p r e s e n t i n t h e f a e c a l samples from some o f t h e b i r d s . The 
d a t a f r o m o n l y f i v e a d u l t woodcock were used because t h o s e 
f r o m t h e o t h e r b i r d s c o n t a i n e d s e v e r a l m i s s i n g p r e y t y p e s . 
The comparison o f p r e y s e l e c t i o n based on these f i v e b i r d s 
w i t h p r e y a v a i l a b i l i t y i n W h i t w e l l Wood gave A=0.0069 
(X 2=24.9, df= 5 , p<0.001) s u g g e s t i n g t h a t p r e y t y p e s were n o t 
t a k e n a t random. A r a n k i n g m a t r i x (Appendix 5.5) o r d e r e d 
t h e p r e y t a x a f r o m most p r e f e r r e d t o l e a s t p r e f e r r e d i n t h e 
sequence b e e t l e l a r v a e > w o o d l i c e > s p i d e r s and harvestmen 
> m i l l i p e d e s > s t a p h y l i n i d s > c a r a b i d s . However, t h e r e were 
no s i g n i f i c a n t d i f f e r e n c e s between any o f t h e s i x p r e y 
185 
t y p e s , i m p l y i n g t h a t t h e o r d e r o f t h e i r a s s i g n e d r a n k s 
meant l i t t l e . 
Ranking t h e p r e y t y p e s a c c o r d i n g t o t h e i r Jacobs 
(1974) p r e f e r e n c e i n d e x v a l u e s (Appendix 5.5) gave a 
s i m i l a r sequence t o t h a t f o r t h e c o m p o s i t o n a l a n a l y s i s : 
b e e t l e l a r v a e > s t a p h y l i n i d s > s p i d e r s and harvestmen = 
m i l l i p e d e s > w o o d l i c e > c a r a b i d s , t h e o n l y d i f f e r e n c e b e i n g 
t h a t t h e r e l a t i v e p r e f e r e n c e s f o r w o o d l i c e and s t a p h y l i n i d s 
were r e v e r s e d . The p r e f e r e n c e i n d e x v a l u e s i n d i c a t e t h a t 
b e e t l e l a r v a e were c l e a r l y p r e f e r r e d by a d u l t woodcock and 
t h a t a d u l t c a r a b i d s were l a r g e l y a v o i d e d w h i l s t t h e o t h e r 
f o u r p r e y t a x a were t a k e n i n p r o p o r t i o n t o t h e i r 
a v a i l a b i l i t y a t W h i t w e l l Wood. I t seems l i k e l y t h a t o t h e r 
a d u l t b e e t l e s were a v o i d e d more t h a n c a r a b i d s (Table 5.15) 
and t h a t f l i e s were r a r e l y t a k e n (Table 5.14). 
The c o m p o s i t i o n a l a n a l y s i s o f p r e y s e l e c t i o n by 
woodcock c h i c k s was r e s t r i c t e d t o c a r a b i d s , s t a p h y l i n i d s , 
s p i d e r s and harvestmen, m i l l i p e d e s and w o o d l i c e u s i n g t h e 
dat a f r o m f o u r b i r d s . Comparison o f woodcock c h i c k d i e t 
w i t h p r e y a v a i l a b i l i t y a t W h i t w e l l Wood r e v e a l e d t h a t p r e y 
s e l e c t i o n was s i g n i f i c a n t l y d i f f e r e n t f r o m random 
( W i l k ' s A=0.0006, X 2=29.7, df=4, p<0.001). A r a n k i n g m a t r i x 
o r d e r e d t h e p r e y t a x a i n t h e sequence s p i d e r s and 
harvestmen > c a r a b i d s > w o o d l i c e > s t a p h y l i n i d s > 
m i l l i p e d e s (Appendix 5.6), b u t a g a i n t h e r e were no 
s i g n i f i c a n t d i f f e r e n c e s between any o f t h e p r e y t y p e s , 
i m p l y i n g t h a t t h e r a n k i n g meant l i t t l e . The Jacobs (1974) 
p r e f e r e n c e i n d e x v a l u e s (Appendix 5.6) suggested t h a t 
s p i d e r s and harvestmen comprised t h e group most p r e f e r r e d 
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by woodcock c h i c k s and t h a t w o o d l i c e were t h e l e a s t 
p r e f e r r e d . 
The d i f f i c u l t y o f i n t e r p r e t a t i o n o f t h e r e s u l t s o f t h e 
c o m p o s i t i o n a l analyses arose due t o t h e s m a l l numbers o f 
woodcock i n v o l v e d , which meant t h e r e were v e r y few degrees 
o f freedom w i t h w h i c h t o t e s t d i f f e r e n c e s between p a i r s o f 
p r e y t a x a . However, the f a c t t h a t t h e W i l k ' s A v a l u e s were 
s i g n i f i c a n t f o r b o t h a d u l t woodcock and c h i c k s i n t h e 
comparison o f l o g - r a t i o d i f f e r e n c e s and t h a t t h e most 
p r e f e r r e d groups suggested by t h e c o m p o s i t i o n a l a n a l y s e s 
and t h e Jacobs (1974) p r e f e r e n c e i n d i c e s were t h e same, 
i m p l i e s t h a t a d u l t woodcock a t W h i t w e l l Wood a c t i v e l y 
s e l e c t e d b e e t l e l a r v a e and t h a t c h i c k s s e l e c t e d s p i d e r s and 
harvestmen. 
5.4.4 H a b i t a t s e l e c t i o n i n r e l a t i o n to the a v a i l a b i l i t y of 
i n v e r t e b r a t e prey i n mixed deciduous, lowland woodland 
Not s u r p r i s i n g l y , t h e a v a i l a b l e d e n s i t y o f earthworms 
i n sycamore stands (mean+se, 152±13m~2, n=63) was 
s i g n i f i c a n t l y h i g h e r t h a n t h a t i n areas comprised o f beech 
(mean+se, 95±24nr 2, n=21); one-way ANOVA F=4.66, d f = l , 8 2 , 
p<0.05. I n s u f f i c i e n t samples were o b t a i n e d f r o m c o n i f e r o u s 
areas t o p r o v i d e a r e l i a b l e e s t i m a t e o f a v a i l a b l e earthworm 
d e n s i t y (mean+se, 69±35m~2, n=3), b u t t h e d e n s i t y i n such 
areas was a l s o l i k e l y t o have been s i g n i f i c a n t l y l o w e r t h a n 
t h e d e n s i t y i n sycamore sta n d s . There were d i f f e r e n c e s i n 
t h e t o t a l c a t c h of o t h e r i n v e r t e b r a t e s ( e x c l u d i n g 
c a t e r p i l l a r s , s a w f l y l a r v a e and f l i e s ) i n p i t f a l l t r a p s 
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between t h e h a b i t a t s , w i t h sycamore a g a i n s u p p o r t i n g t h e 
h i g h e s t numbers (Table 5.16). 
Table 5.16 D i f f e r e n c e s i n t h e t o t a l numbers o f 
i n v e r t e b r a t e s caught i n p i t f a l l t r a p s i n d i f f e r e n t h a b i t a t s 
a t W h i t w e l l Wood, May 1991 (one-way AN0V7A) . 
The s a m p l i n g u n i t was one t r a p s e t f o r a p e r i o d o f t e n 
days. The i n v e r t e b r a t e c a t c h i n each t r a p was assumed t o be 
independent o f t h e c a t c h i n t h e o t h e r t r a p s . 
L e t t e r s i n d i c a t e no s i g n i f i c a n t d i f f e r e n c e between p a i r s o f 
v a l u e s i n t h e Duncan m u l t i p l e range t e s t (p>0.05). 
H a b i t a t Trap-
p e r i o d s 
I n v e r t e b r a t e s 
per t r a p - p e r i o d 
(mean ±se) 
Between h a b i t a t 
d i f f e r e n c e 
Sycamore 129 120 ± 5 
Beech 19 82 + 6 a 
C o n i f e r 10 73 ± 9 a 
F=8.58, df=2,155, p<0 .001 
Comparison o f t h e a v a i l a b i l i t y o f i n v e r t e b r a t e p r e y a t 
a d u l t woodcock f e e d i n g s i t e s and p a i r e d random s i t e s w i t h i n 
t h e same h a b i t a t t y p e r e v e a l e d a s i g n i f i c a n t l y h i g h e r 
d e n s i t y o f earthworms a t f e e d i n g s i t e s (168 earthworms/m 2 
compared t o 118 earthworms/m 2 a t random s i t e s ) (Table 5.17) . 
D i f f e r e n c e s i n t h e p i t f a l l c a t c h a t e i g h t p a i r e d s i t e s 
(seven i n sycamore and one i n beech) r e v e a l e d t h a t 
s i g n i f i c a n t l y h i g h e r numbers o f s t a p h y l i n i d s and s p i d e r s 
were p r e s e n t i n woodcock f e e d i n g areas b u t t h a t numbers o f 
w o o d l i c e were s i g n i f i c a n t l y l o w e r (Table 5.17). I t seems 
l i k e l y t h a t a v a i l a b l e earthworm d e n s i t y was an i m p o r t a n t 
f a c t o r i n t h e s e l e c t i o n o f f e e d i n g s i t e s because earthworms 
comprised a p p r o x i m a t e l y one f i f t h o f t h e p r e y i t e m s 
i n g e s t e d . Of t h e d i f f e r e n c e s i n t h e o t h e r p r e y t a x a , t h e 
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d i f f e r e n c e s i n t h e number o f s t a p h y l i n i d s and s p i d e r s 
between woodcock f e e d i n g and random s i t e s may be i m p o r t a n t 
b u t i t i s s u r p r i s i n g t h a t t h e r e was no s i g n i f i c a n t 
d i f f e r e n c e i n t h e number o f b e e t l e l a r v a e , t h e most 
p r e f e r r e d t a x o n . 
Table 5.17 Means and s t a n d a r d d e v i a t i o n s o f a v a i l a b l e 
earthworm d e n s i t y and o f i n v e r t e b r a t e numbers caught p e r 
t e n day t r a p - p e r i o d f o r t a x a t h a t d i f f e r e d s i g n i f i c a n t l y 
between woodcock f e e d i n g l o c a t i o n s and p a i r e d random s i t e s 
a t W h i t w e l l Wood, May 1991 (Mann-Whitney U - t e s t ) . 
Earthworms were sampled by means o f s o i l c o r e s (n=3 9 
f e e d i n g , 39 random); d a t a p r e s e n t e d as number/m 2. 
Taxon Feeding Random U S i g . 
s i t e s (n=80 s i t e s (n=78 
t r a p - p e r i o d s ) t r a p - p e r i o d s ) 
L u m b r i c i d a e 168 ± 99 118 + 113 528 5 p<0 05 
S t a p h y l i n i d a e 31 ± 12 25 ± 17 2269 5 p<0 01 
Other b e e t l e s 35 ± 36 24 ± 20 2544 0 p<0 05 
Araneae 31 + 14 25 + 26 2087 0 p<0 001 
O n i s c o i d e a 4 + 3 7 ± 6 2413 5 p<0 05 
5.4.5 H a b i t a t use by woodcock i n an upland birchwood 
s i t u a t i o n (Millden) 
A l l o f t h e woodcock home ranges a t M i l l d e n were 
c e n t r e d on t h e b i r c h w o o d component o f t h e s t u d y area, w h i c h 
comprised 25%-68% o f each range (Appendix 5.7), and t h e r e 
was an average o v e r l a p between a l l t h e p a i r s o f home ranges 
o f 40.4%. The comparison o f h a b i t a t use f r o m home ranges 
w i t h h a b i t a t a v a i l a b i l i t y i n t h e s t u d y area gave A=0.1070 
(X 2=22.3, d f = 6 , p<0.01) s u g g e s t i n g t h a t t h e woodcock d i d n o t 
e s t a b l i s h home ranges a t random. A r a n k i n g m a t r i x o r d e r e d 
t h e h a b i t a t s i n t h e sequence young b i r c h > mature b i r c h 
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Table 5=18 Matrix of means and standard e r r o r s of l o g - r a t i o 
d i f f e r e n c e s averaged over a l l 10 radiotagged woodcock a t 
Milld e n f o r comparing h a b i t a t use w i t h i n minimum convex 
polygon home ranges with a v a i l a b i l i t y i n the t o t a l study 
area (top)= 
The i m p l i c a t i o n s f o r h a b i t a t use are shown by replacement of 
each element by i t s s i g n (bottom). The s i g n i s t r i p l e d f o r 
means d i f f e r i n g s i g n i f i c a n t l y from 2ero (p<0„05, d f = 8 ) o 
Mature Mature Young C o n i f e r Juncus Heather Rough & 
b i r c h & b i r c h s b i r c h f l u s h improved 
bracken g r a s s g r a z i n g 
Mature 
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Mature Mature Young C o n i f e r Juncus Heather Roughs Rank 
birch& birch& b i r c h f l u s h ~ improved 
brack, g r a s s g r a z i n g 
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b i r c h & 
brack. 
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C o n i f e r 
Juncus 




g r a z i n g 
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w i t h b r a c k e n > mature b i r c h w i t h g rass > Juncus f l u s h > 
rough and improved g r a z i n g > h e a t h e r > c o n i f e r (Table 
5.18) . There was no d e t e c t a b l e d i f f e r e n c e i n t h e use o f 
young b i r c h and mature b i r c h w i t h bracken, i m p l y i n g t h a t 
t h e o r d e r o f t h e i r a s s i g n e d ranks meant l i t t l e (Table 
5.19) . These t o p two h a b i t a t s were, however, used 
s i g n i f i c a n t l y more t h a n any o f t h e o t h e r s . There was a l s o a 
s i g n i f i c a n t d i f f e r e n c e between t h e use o f rough and 
improved g r a z i n g and c o n i f e r . 
Table 5.19 H a b i t a t r a n k i n g based on t h e s e l e c t i o n o f home 
ranges by woodcock w i t h i n t h e s t u d y area, showing where t h e 
d i f f e r e n c e s between ranks are s t a t i s t i c a l l y s i g n i f i c a n t . 
Ranks w h i c h do n o t d i f f e r s i g n i f i c a n t l y (p>0.05) a c c o r d i n g 
t o t h e m a t r i c e s i n Table 5.18 are as s i g n e d t h e same l e t t e r 
i n t h e "ranks d i f f e r " column. 
Rank H a b i t a t Ranks d i f f e r 
6 Young b i r c h a 
5 Mature b i r c h & bracken a 
4 Mature b i r c h & grass b c 
3 Juncus f l u s h b c 
2 Rough & improved g r a z i n g c 
1 Heather b c 
0 C o n i f e r b 
A l l o f t h e h a b i t a t s were p r e s e n t i n most o f t h e home 
ranges and so a l l were r e t a i n e d f o r t h e comparison o f 
r a d i o l o c a t i o n d i s t r i b u t i o n s w i t h h a b i t a t a v a i l a b i l i t y i n 
th e home ranges. T h i s gave a w e i g h t e d mean A=0.0414 
(p=0.016 by r a n d o m i z a t i o n ) i n d i c a t i n g t h a t p a r t i c u l a r 
h a b i t a t s w i t h i n t h e home ranges were used more i n t e n s i v e l y 
t h a n o t h e r s . The r a n k i n g m a t r i x gave t h e o r d e r o f h a b i t a t 
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Table 5 o 2 0 Matrix of means and standard e r r o r s of l o g - r a t i o 
d i f f e r e n c e s f o r a l l woodcock a t Millden f o r comparing the 
d i s t r i b u t i o n of r a d i o l o c a t i o n s with h a b i t a t a v a i l a b i l i t y 
w i t h i n minimum convex polygon home ranges ( t o p ) . The degrees 
of freedom f o r each comparison are given i n parentheses. 
Habitat use i s r e v e a l e d by replacement of each element by 
i t s s i g n (bottom) . The s i g n i s t r i p l e d where a mean d i f f e r s 
s i g n i f i c a n t l y from zero (p<0.05). 
Mature Mature Young Conifer Juncus Heather Rough & 
b i r c h & birchs b i r c h f l u s h improved 
bracken grass grazing 
Mature 
bi r c h & 
bracken 
Mature 1.114 
bi r c h & ±0.808 
grass (df=8) 
Young 1.561 
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b i r c h i birchS c i r c h f l u s h improved 
brack, grass grazing 
Mature 
b i r c h & + +++ + +++ 4 
brack. 
Mature 
birch & -r - + + + + + + + + + + 5 
grass 
Young + + + +++ +++ +++ 6 
b i r c h 
Conifer - + + + 3 
Juncus - - +++ l 
f l u s h 
Heather - - + +++ 2 
Rough & 
improv. - 0 
grazing 
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p r e f e r e n c e as young b i r c h > mature b i r c h w i t h g rass > 
mature b i r c h w i t h bracken > c o n i f e r > h e a t h e r > Juncus 
f l u s h > rough and improved g r a z i n g (Table 5.20) . The t h r e e 
b i r c h h a b i t a t s were c l e a r l y f a v o u r e d , each b e i n g used 
s i g n i f i c a n t l y more t h a n Juncus f l u s h o r rough and improved 
g r a z i n g (Table 5.21). 
Table 5.21 H a b i t a t t y p e s ranked a c c o r d i n g t o r e l a t i v e 
u t i l i z a t i o n by woodcock w i t h i n home ranges, showing where 
t h e d i f f e r e n c e s between ranks are s t a t i s t i c a l l y 
s i g n i f i c a n t . 
Rank H a b i t a t Ranks d i f f e r 
6 Young b i r c h a 
5 Mature b i r c h & grass a 
4 Mature b i r c h & bracken a b 
3 C o n i f e r a bed 
2 Heather b c 
1 Juncus f l u s h c 
0 Rough & improved g r a z i n g d 
A t e s t f o r a change i n t h e p a t t e r n o f h a b i t a t use 
d u r i n g t h e course o f t h e b r e e d i n g season was p e r f o r m e d by 
s p l i t t i n g t h e r a d i o t a g g e d woodcock i n t o two groups; those 
t r a c k e d d u r i n g A p r i l and May (500, 518, 229, 260, 277, 299) 
and t h o s e t r a c k e d d u r i n g June and J u l y (500, 260, 300, 250, 
281, 301) . There was no s i g n i f i c a n t o v e r a l l d i f f e r e n c e i n 
h a b i t a t use between t h e two t i m e p e r i o d s ; MANOVA F=0.40 
( W i l k ' s A=0.5880), df=7,4, N.S., n o r were t h e r e any 
s i g n i f i c a n t d i f f e r e n c e s i n t h e use o f i n d i v i d u a l h a b i t a t s 
(one-way ANOVAs). F u r t h e r e v i d e nce t h a t t h e woodcock d i d 
no t s h i f t t h e i r home ranges and hence a l t e r t h e i r p a t t e r n 
o f h a b i t a t use comes from t h e r a d i o l o c a t i o n d a t a f o r b i r d s 
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500 and 260, which was r e - a n a l y s e d f o r f o u r e q u a l t i m e 
p e r i o d s d u r i n g t h e s p r i n g and summer. The f o u r s e p a r a t e 
home ranges o f b o t h b i r d s remained c o n c e n t r i c d e s p i t e s m a l l 
changes i n range s i z e , and t h e average o v e r l a p between t h e 
ranges was 79% f o r b i r d 500 and 77% f o r b i r d 260 
( F i g u r e 5.3). 
Due t o t h e i r apparent importance, t h e woodland 
h a b i t a t s were s u b - d i v i d e d and t h e p a t t e r n o f h a b i t a t 
u t i l i z a t i o n w i t h i n t h e home ranges was re-examined w i t h 
r e s p e c t t o t h e woodland h a b i t a t s a l o n e . H a b i t a t use, 
however, d i d not d i f f e r s i g n i f i c a n t l y f rom random (w e i g h t e d 
mean A=0.1305, p=0.055 by r a n d o m i z a t i o n ) and t h e 
c o n s t r u c t i o n o f a n o t h e r r a n k i n g m a t r i x based on t h e 
woodland h a b i t a t s a lone was n o t j u s t i f i e d . 
There were no s i g n i f i c a n t u n i v a r i a t e d i f f e r e n c e s i n 
p a r t i c u l a r h a b i t a t v a r i a b l e s between a d u l t woodcock f e e d i n g 
l o c a t i o n s and p a i r e d random l o c a t i o n s w i t h i n t h e same 
h a b i t a t t y p e s a t M i l l d e n on t h e b a s i s o f Mann-Whitney U-
t e s t s , and ste p w i s e d i s c r i m i n a n t f u n c t i o n a n a l y s i s c o u l d 
o n l y c l a s s i f y 53% o f s i t e s c o r r e c t l y . D e s p i t e open h a b i t a t s 
b e i n g l a r g e l y avoided by f e e d i n g woodcock, t h e r e was some 
evi d e n c e t o suggest t h a t t h e y were used more f r e q u e n t l y by 
n e s t i n g females. The number o f a d u l t woodcock seen and t h e 
number o f n e s t s o r broods o f c h i c k s l e s s t h a n 3 days o l d 
were r e c o r d e d d u r i n g t h e 'course o f t w e l v e 500m t r a n s e c t 
w alks t h r o u g h woodland (young, i n t e r m e d i a t e and mature 
b i r c h and c o n i f e r ) o r open (bracken, h e a t h e r and f l u s h ) 
h a b i t a t s and a p p r o x i m a t e l y s i m i l a r p e r i o d s o f n e s t 
s e a r c h i n g i n each. Twenty-one a d u l t woodcock were f l u s h e d , 
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F i g u r e 5»3 Seasonal change i n the s i z e and l o c a t i o n of the 
home ranges (minimum convex polygons) of two radiotagged 
woodcock a t Mill d e n monitored f o r four 47 day periods during 
e a r l y A p r i l to mid-July-
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o f w h i c h 19 (91%) were seen i n woodland, whereas t e n n e s t s 
and young broods were l o c a t e d , o f which f i v e were found i n 
each h a b i t a t t y p e . S i x o f t h e n e s t s and young broods were 
found i n bracken, t h r e e on t h e open h i l l and t h r e e under 
mature b i r c h . H a b i t a t measurements ta k e n f r o m 11 a d u l t 
f e e d i n g s i t e s and seven o f t h e n e s t s i t e s r e v e a l e d f i v e 
s i g n i f i c a n t u n i v a r i a t e d i f f e r e n c e s (Table 5.22). Nests were 
l o c a t e d i n areas w i t h r e l a t i v e l y fewer, b u t l a r g e r , , b i r c h 
t r e e s t h a n f e e d i n g l o c a t i o n s and t h e y had a s i g n i f i c a n t l y 
g r e a t e r p e r c e n t a g e cover o f bra c k e n and h e a t h e r . 
Table 5.22 Means and s t a n d a r d d e v i a t i o n s o f h a b i t a t 
v a r i a b l e s t h a t were s i g n i f i c a n t l y d i f f e r e n t between 
woodcock n e s t s i t e s and a d u l t f e e d i n g l o c a t i o n s a t M i l l d e n 
(Mann-Whitney U - t e s t ) . 
V a r i a b l e Nest s i t e s A d u l t f e e d i n g U S i g . 
(n=21 s i t e s (n=33 
q u a d r a t s ) q u a d r a t s ) 
Mean area 
per t r e e (m 2) 4.04 ±1.36 
Basal area 
per t r e e (cm 2) 12.5 ± 3.0 
Brushwood d e n s i t y 
(dead stems i n 
3m r a d i u s ) 7.1 +12 . 4 
Bracken (% cover) 29.1 ±34.0 
Calluna (% cover) 6.3 ±13.6 
2.95 ±1.45 185.0 p<0.01 
11.5 ± 2.0 224 . 0 p<0.05 
14.4 ±17.4 224.0 p<0.05 
17.7 ±30.6 228.0 p<0.05 
0.0 ± 0.0 231.0 p<0.001 
Stepwise d i s c r i m i n a n t f u n c t i o n a n a l y s i s c o r r e c t l y 
c l a s s i f i e d 80% o f t h e s i t e s i n t o f e e d i n g o r n e s t i n g 
l o c a t i o n s on t h e b a s i s o f f i v e v a r i a b l e s , o f w h i c h t h e 
perce n t a g e cover o f bra c k e n and h e a t h e r were t h e most 
i m p o r t a n t (Table 5.23). The s i g n s o f t h e s t a n d a r d i z e d 
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d i s c r i m i n a n t f u n c t i o n c o e f f i c i e n t s i n d i c a t e t h e i r w e i g h t i n g 
towards n e s t i n g (+) o r f e e d i n g (-) s i t e s . 
Table 5.23 S t a n d a r d i z e d d i s c r i m i n a n t f u n c t i o n c o e f f i c i e n t s 
f o r d i s c r i m i n a t i n g between woodcock nest s i t e s and a d u l t 
f e e d i n g s i t e s a t M i l l d e n . 
Importance V a r i a b l e S t a n d a r d i z e d 
rank c o e f f i c i e n t 
1 Bracken (% cover) 0.900 
2 Calluna (% cover) 0.614 
3 H e i g h t o f dominant v e g e t a t i o n (cm) -0.603 
4 Mean area p e r t r e e (m 2) 0.401 
5 Percentage bare ground -0.2 94 
5.4.6 D i e t of woodcock and prey s e l e c t i o n i n upland 
birchwood during the breeding season 
A g r e a t e r range o f p r e y i t e m s was found i n t h e f a e c a l 
samples f r o m t h e woodcock a t M i l l d e n t h a n i n those f r o m 
W h i t w e l l Wood, w i t h dung b e e t l e s (Scarabaeidae) i n c l u d e d i n 
t h e a d u l t d i e t , a n t s (Hymenoptera, Formicidae) i n t h e c h i c k 
d i e t and w e e v i l s ( C u r c u l i o n i d a e ) i n t h e d i e t o f a d u l t s and 
c h i c k s . At t h i s s i t e , t h e d i e t o f a d u l t woodcock and c h i c k s 
was l a r g e l y s i m i l a r , w i t h earthworms c o m p r i s i n g 71-76% i n 
terms o f biomass (Table 5.24). S p i d e r s were a g a i n a 
r e l a t i v e l y i m p o r t a n t component o f t h e d i e t i n terms o f t h e 
numbers o f i n d i v i d u a l s i n g e s t e d a l t h o u g h t h e y were f a r l e s s 
i m p o r t a n t i n terms o f p r e y biomass. As a t W h i t w e l l Wood, 
c a t e r p i l l a r s , s a w f l y l a r v a e and f l i e s were o n l y t a k e n by 
a d u l t b i r d s . Carabids comprised a s i g n i f i c a n t l y l a r g e r 
component o f t h e d i e t o f a d u l t woodcock i n terms o f biomass 
(X 2=5.3, d f = l , p<0.05). 
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Table 5.24 E s t i m a t e d f r e q u e n c i e s o f i n v e r t e b r a t e s i n t h e 
d i e t o f woodcock a t M i l l d e n based on f a e c a l a n a l y s i s . 
+ i n d i c a t e s t h a t a s m a l l number o f p r e y fragments e q u a l t o 
l e s s t h a n one a n i m a l o f a p a r t i c u l a r t a x o n were i d e n t i f i e d . 
A d u l t Chick 
(9 samples (25 samples 
from 4 b i r d s ) f r o m 9 b i r d s ] 
Prey t a x o n % o f % o f % o f % o f 
n t o t a l t o t a l n t o t a l t o t a l 
n d r y wt. n d r y wt 
L u m b r i c i d a e 34 33 0 70 9 27 42 2 75 6 
Scarabaeidae ( a d u l t ) 2 1 9 1 5 _ 
Carabidae ( a d u l t ) 6 5 8 10 7 1 1 5 2 4 
C u r c u l i o n i d a e ( a d u l t ) 6 5 8 1 0 2 3 1 0 4 
S t a p h y l i n i d a e ( a d u l t ) 6 5 8 1 6 4 6 3 1 0 
Other a d u l t C o l e o p t e r a 3 2 9 0 2 1 1 5 0 1 
C o l e o p t e r a l a r v a e 4 3 9 2 4 8 12 5 6 4 
F o r m i c i d a e - 5 7 8 0 8 
L e p i d o p t e r a l a r v a e 10 9 7 5 1 -
Araneae & O p i l i o n e s 27 26 2 6 1 11 17 2 3 3 
Dip l o p o d a + <0 1 3 4 7 7 9 
O n i s c o i d e a - 2 3 1 1 . 6 
D i p t e r a 5 4 9 0 4 -
Changes i n t h e d i e t o f woodcock c h i c k s w i t h age were 
examined by means o f r e g r e s s i o n s a g a i n s t a r c s i n t r a n s f o r m e d 
p e r c e n t a g e f r e q u e n c i e s o f t h e d i f f e r e n t p r e y t a x a . There 
were no s i g n i f i c a n t r e l a t i o n s h i p s between t h e age o f c h i c k s 
and t h e p r o p o r t i o n s o f a d u l t and l a r v a l b e e t l e s , s p i d e r s 
and harvestmen, m i l l i p e d e s and w o o d l i c e , o r a n t s i n t h e 
d i e t . However, t h e p r o p o r t i o n o f earthworms d e c l i n e d as t h e 
c h i c k s grew o l d e r ( F i g u r e 5.4), r e f u t i n g t h e h y p o t h e s i s , a t 
l e a s t a t t h i s s i t e , t h a t t h e c h i c k s were l i k e l y t o be more 
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F i g u r e 5=4 Change i n the proportion of earthworm i n the d i e t 
of woodcock c h i c k s a t Millden with age. ( R e l a t i o n s h i p 
d e s c r i b e d by the equation y=60.61 x i o ( ° - 0 2 4 x ' ' r=0.62, df=7, 
N.S.). 
A r c s i n 
t r a n s -
formed % 
earthworm 






18 10 0 8 
( d a y s ) 
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dependent on p r e y t h a t c o u l d be o b t a i n e d w i t h o u t p r o b i n g 
d u r i n g t h e i r f i r s t few days o f l i f e . 
Comparison o f t h e mean percentage f r e q u e n c y o f t h e 
p r e y t a x a sampled by p i t f a l l t r a p p i n g i n a d u l t woodcock and 
c h i c k d i e t s w i t h t h e i r a v a i l a b i l i t y i n t h e s t u d y area 
r e v e a l e d t h a t s p i d e r s and harvestmen, b e e t l e l a r v a e and 
s t a p h y l i n i d s were s e l e c t e d i n g r e a t e r p r o p o r t i o n t h a n t h e i r 
a v a i l a b i l i t y (Table 5.25). M i l l i p e d e s were l a r g e l y a v o i d e d 
by a d u l t woodcock and c h i c k s d e s p i t e b e i n g t h e s i n g l e most 
abundant t a x o n i n t h e p i t f a l l c a t c h . 
Table 5.25 The r e l a t i v e p r o p o r t i o n s o f a v a i l a b l e p r e y t a x a 
a t M i l l d e n and t h e i r mean p r o p o r t i o n s i n t h e d i e t o f a d u l t 
woodcock and c h i c k s . 
Prey t a x o n A v a i l a b i l i t y Mean p e r c e n t f r e q u e n c y 
i n s t u d y i n t h e d i e t (±se) 
area ( % ) * 
A d u l t s Chicks 
(n= =4 b i r d s ) (n= 9 b i r d s ) 
Carabidae ( a d u l t ) 4 8 7 0 + 3.0 4 . 5 ± 3 . 8 
S t a p h y l i n i d a e ( a d u l t ) 6 0 16 7 ± 5.5 14 . 8 ± 6 . 9 
Other a d u l t C o l e o p t e r a 8 8 20 9 ± 4 . 6 11. 0 ± 5.3 
C o l e o p t e r a l a r v a e 3 4 11 3 ± 6 . 5 10 . 2 ± 6 . 7 
Araneae & O p i l i o n e s 17 4 43 8 ± V.3 53 . 5 ±14 . 6 
Diplo p o d a 56 2 0 4 ± 0.4 2 . 5 ± 2 . 5 
Oni s c o i d e a 3 4 0 0 ± 0.0 3 . 5 ± 2 . 4 
*Based on t h e p i t f a l l c a t c h f o r 1760 t r a p - d a y s i n a l l 
h a b i t a t s . 
M i l l i p e d e s and w o o d l i c e were e x c l u d e d from t h e 
comparison o f a d u l t woodcock d i e t w i t h a v a i l a b i l i t y a t 
M i l l d e n . C o m p o s i t i o n a l a n a l y s i s based on t h e o t h e r p r e y 
t a x a gave A=0.5837 (X 2=2.15, d f = 4 , N.S.) s u g g e s t i n g t h a t 
t h e y were s e l e c t e d a t random. Jacobs (1974) p r e f e r e n c e 
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i n d e x suggested t h a t s p i d e r s and harvesttnen, s t a p h y l i n i d s 
and o t h e r a d u l t b e e t l e s were t a k e n by a d u l t woodcock i n 
p r o p o r t i o n t o t h e i r a v a i l a b i l i t y , b u t t h a t t h e r e was a 
p r e f e r e n c e f o r b e e t l e l a r v a e and some avoidance o f 
c a r a b i d s . T h i s r e s u l t i s i n agreement w i t h t h e p r e y 
p r e f e r e n c e s shown by a d u l t woodcock a t W h i t w e l l Wood. 
The comparison o f p r e y s e l e c t i o n f o r s i x woodcock 
c h i c k s and a l l seven p r e y t a x a w i t h p r e y a v a i l a b i l i t y a t 
M i l l d e n gave A=0.0175 (X 2=24.27, df= 6 , p<0.001), i m p l y i n g 
t h a t p r e y s e l e c t i o n was n o t random. A r a n k i n g m a t r i x 
o r d e r e d t h e p r e y t a x a from most p r e f e r r e d t o l e a s t 
p r e f e r r e d as s p i d e r s and harvestmen > o t h e r a d u l t b e e t l e s > 
s t a p h y l i n i d s > b e e t l e l a r v a e > w o o d l i c e > c a r a b i d s > 
m i l l i p e d e s (Appendix 5.8). There were s i g n i f i c a n t 
d i f f e r e n c e s between m i l l i p e d e s and a l l t h e o t h e r p r e y t a x a 
and between s p i d e r s and harvestmen and c a r a b i d s 
(Appendix 5.8). The Jacobs (1974) p r e f e r e n c e i n d e x v a l u e s 
i n d i c a t e d c l e a r p r e f e r e n c e s f o r s p i d e r s and harvestmen, 
b e e t l e l a r v a e and s t a p h y l i n i d s i n t h a t o r d e r and a s t r o n g 
avoidance o f m i l l i p e d e s (Appendix 5.8). The p r e f e r e n c e f o r 
s p i d e r s and harvestmen i s i n agreement w i t h t h a t shown by 
woodcock c h i c k s a t W h i t w e l l Wood. 
5.4.7 H a b i t a t s e l e c t i o n i n r e l a t i o n to the a v a i l a b i l i t y of 
i n v e r t e b r a t e prey i n an upland s i t u a t i o n 
There were s i g n i f i c a n t d i f f e r e n c e s between h a b i t a t s a t 
M i l l d e n i n terms o f b o t h earthworm d e n s i t y and t h e 
a v a i l a b i l i t y o f s o i l - s u r f a c e i n v e r t e b r a t e s . Earthworms 
tended t o be more abundant i n t h e woodland h a b i t a t s , b u t 
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t h e s u r f a c e i n v e r t e b r a t e s were more abundant i n t h e open 
h a b i t a t s (Table 5.26). The magnitude o f t h e d i f f e r e n c e 
between t h e woodland and open h a b i t a t s was g r e a t e r f o r 
earthworms ( a p p r o x i m a t e l y 2-3x) t h a n f o r t h e s u r f a c e 
i n v e r t e b r a t e s ( a p p r o x i m a t e l y 1.5x) and t h i s p r o b a b l y 
e x p l a i n s why t h e woodland h a b i t a t s were f a v o u r e d by a d u l t 
woodcock. 
Table 5.26 D i f f e r e n c e s i n t h e r e l a t i v e abundance o f 
earthworms and s o i l - s u r f a c e i n v e r t e b r a t e s i n d i f f e r e n t 
h a b i t a t t y p e s a t M i l l d e n (one-way ANOVAs). 
L e t t e r s i n d i c a t e no s i g n i f i c a n t d i f f e r e n c e between p a i r s o f 
v a l u e s i n t h e Duncan m u l t i p l e range t e s t (p>0.05). 
Earthworm d e n s i t y 
(no./m 2) 
Numbers o f 
caught p e r 
i n v e r t e b r a t e s 
t r a p - p e r i o d 
H a b i t a t No. o f 
cores 
Mean ±se Trap- Mean ±se 
p e r i o d s 
Mature b i r c h 
& g r a s s 20 200 ±40 a 20 48 ± 6 a 
Mature b i r c h 
& b r a c k e n 20 116 ±26 ah 60 53 ± 3 ab 
Young & i n t e r 
-mediate b i r c h 40 111 ±28 ab 10 62 ±11 abc 
Juncus f l u s h 20 111 ±35 ab 30 70 ± 7 bed 
Call una 20 74 ±27 b 20 83 ±10 cd 
C o n i f e r 20 47 ±21 b -
Bracken 20 37 ±20 b 36 88 ± 6 d 




F=8 . 02, df=5,170, 
p<0 . 001 
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There were f o u r s i g n i f i c a n t d i f f e r e n c e s i n t h e 
a v a i l a b i l i t y o f i n v e r t e b r a t e t a x a between a d u l t woodcock 
f e e d i n g s i t e s and random s i t e s w i t h i n t h e same h a b i t a t s , o f 
which a t w o - f o l d i n c r e a s e i n t h e number o f b e e t l e l a r v a e 
and a t e n - f o l d i n c r e a s e i n t h e number o f a d u l t t i p u l i d s a t 
f e e d i n g s i t e s were p r o b a b l y o f most importance t o t h e 
woodcock (Table 5 . 2 7 ) . 
Table 5.27 Means and s t a n d a r d d e v i a t i o n s o f i n v e r t e b r a t e 
numbers caught p e r t e n day t r a p - p e r i o d f o r t a x a t h a t 
d i f f e r e d s i g n i f i c a n t l y between a d u l t woodcock f e e d i n g 
l o c a t i o n s and p a i r e d random s i t e s a t M i l l d e n (Mann-Whitney 
U - t e s t ) . 
Taxon Feeding Random U S i g . 
s i t e s (n=30 s i t e s (n=30 
t r a p - p e r i o d s ) t r a p - p e r i o d s ) 
C o l e o p t e r a l a r v a e 2 4 ± 2 4 1 2 ± 3 5 215 5 p<0 001 
O p i l i o n e s 8 0 + 0 6 15 2 ±11 1 235 0 p<0 01 
O n i s c o i d e a 0 1 ± 0 3 0 8 ± 1 4 322 5 p<0 05 
T i p u l i d a e ( a d u l t s ) 2 3 ± 6 6 0 2 ± o 7 315 0 p<0 01 
S i m i l a r d i f f e r e n c e s i n t h e abundance o f b e e t l e l a r v a e 
and a d u l t t i p u l i d s were p r e s e n t between a d u l t woodcock 
f e e d i n g s i t e s and nest s i t e s , w h i l s t s i g n i f i c a n t l y h i g h e r 
numbers o f c a t e r p i l l a r s , s p i d e r s , harvestmen and m i l l i p e d e s 
were p r e s e n t a t n e s t s i t e s (Table 5.28). The d i f f e r e n c e s i n 
t h e abundances o f b e e t l e l a r v a e and s p i d e r s and harvestmen 
between a d u l t f e e d i n g s i t e s and n e s t s i t e s r e f l e c t t h e 
r e s p e c t i v e p r e y p r e f e r e n c e s o f a d u l t s and c h i c k s . 
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Table 5.28 Means and s t a n d a r d d e v i a t i o n s o f i n v e r t e b r a t e 
numbers caught p e r t e n day t r a p - p e r i o d f o r t a x a t h a t 
d i f f e r e d s i g n i f i c a n t l y between woodcock n e s t s i t e s and 
a d u l t f e e d i n g s i t e s a t M i l l d e n (Mann-Whitney U - t e s t ) . 
Taxon Nest s i t e s A d u l t f e e d i n g U S i g . 
(n=69 t r a p (n=30 t r a p 
p e r i o d s ) p e r i o d s ) 
C o l e o p t e r a l a r v a e 1 . 5 ± 2 0 2 4 ± 2 4 764 0 p<0 05 
L e p i d o p t e r a l a r v a e 0 .5 + 1 0 0 1 ± o 4 763 5 p<0 01 
Araneae 33 . 7 + 33 0 16 0 ±13 4 721 5 p<0 05 
O p i l i o n e s 15 . 9 ±17 4 8 0 ±10 6 657 0 p<0 01 
D i p l o p o d a 3 . 0 ± 2 9 0 3 ± o 8 285 5 p<0 001 
T i p u l i d a e ( a d u l t s ) 0 .4 ± 1 0 2 3 ± 6 6 777 5 p<0 01 
5.5 DISCUSSION 
5.5.1 H a b i t a t use and management i n lowland areas 
C l e a r l y t h e n o c t u r n a l p a t t e r n o f f e e d i n g a c t i v i t y seen 
i n woodcock i n t h e w i n t e r does n o t end a b r u p t l y i n e a r l y 
s p r i n g as soon as males s t a r t s e a r c h i n g f o r mates, b u t 
appears t o be s u s t a i n e d u n t i l l a t e May. By t h i s t i m e most 
females w i l l have a t t e m p t e d t o br e e d and t h e peak o f r o d i n g 
a c t i v i t y w i l l have been reached ( H i r o n s 1983) . The 
p r e f e r e n c e f o r p a s t u r e f i e l d s a t n i g h t d u r i n g t h e s p r i n g 
was c o n s i s t e n t w i t h t h e f i n d i n g t h a t woodcock i n w i n t e r 
s e l e c t e d p a r t i c u l a r f i e l d s a c c o r d i n g t o t h e i r a v a i l a b l e 
d e n s i t i e s o f earthworms and o t h e r s o i l i n v e r t e b r a t e s and 
a v o i d e d w i n t e r c e r e a l s (Chapter 4 ) . The f a c t t h a t earthworm 
a v a i l a b i l i t y i n p a s t u r e f i e l d s d e c l i n e s i n summer due t o 
p r o g r e s s i v e d e s s i c a t i o n o f t h e t o p s o i l i s w e l l documented 
(Edwards & L o f t y 1977) and t h e r e l a t i v e s t a b i l i t y o f 
earthworm d e n s i t i e s i n t h e woodland p r o v i d e s a c o n v i n c i n g 
reason f o r t h e change i n b e h a v i o u r by t h e woodcock i n June. 
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A secondary c o n s i d e r a t i o n may be t h a t t h e r e l a t i v e l y sparse 
v e g e t a t i o n cover i n woodland d u r i n g e a r l y s p r i n g p r e v e n t s 
th e woodcock from f e e d i n g here because o f t h e i r 
v u l n e r a b i l i t y t o a v i a n p r e d a t o r s (Chapter 6 ) . 
The use o f sycamore stands by f e e d i n g a d u l t woodcock 
and, i n p a r t i c u l a r , t h e p r e f e r e n c e f o r areas w i t h a h i g h 
p e r c e n t a g e cover o f dog's mercury a t W h i t w e l l Wood, agrees 
w e l l w i t h the f i n d i n g s o f H i r o n s & Johnson (1987) . The 
c u r r e n t s t u d y shows t h a t t h e woodcock were a b l e t o 
d i f f e r e n t i a t e between s u b t l e d i f f e r e n c e s i n the amount o f 
herbaceous spe c i e s cover and t h e amount o f l e a f l i t t e r and 
dead wood w i t h i n t h e same sycamore stands. The reduced l e a f 
l i t t e r and dead wood a t f e e d i n g s i t e s presumably made 
p r o b i n g e a s i e r , b u t t h e s i t e s chosen by t h e b i r d s a l s o had 
h i g h e r d e n s i t i e s o f earthworms and s o i l s u r f a c e 
i n v e r t e b r a t e s t h a n random s i t e s . 
The h y p o t h e s i s t h a t woodland edges were i m p o r t a n t t o 
woodcock was f i r s t i n s p i r e d by s t u d i e s o f American woodcock 
t h a t suggested t h a t n e s t s were i n v a r i a b l y l o c a t e d c l o s e t o 
edges (Coon e t al. 1977, Gregg 1984). However, H i r o n s & 
Johnson (1987) concluded t h a t European woodcock n e s t s a t 
W h i t w e l l Wood were l o c a t e d f u r t h e r f rom edges t h a n random 
s i t e s . The p a t t e r n o f h a b i t a t use i n r e l a t i o n t o woodland 
edges by f e e d i n g b i r d s has n o t been p r e v i o u s l y examined. I t 
i s c o n c e i v a b l e t h a t t h e i n c r e a s e d use o f edge s t r i p s f o r 
f e e d i n g by t h e woodcock a t W h i t w e l l Wood was r e l a t e d t o t h e 
i n c r e a s e d shrubby cover w h i c h p r o b a b l y reduced t h e r i s k o f 
d e t e c t i o n by a v i a n p r e d a t o r s . A e b i s c h e r & Robertson (1992) 
have shown t h a t pheasants a l s o make g r e a t e r use o f woodland 
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edge h a b i t a t s w i t h i n t h e i r home ranges t h a n e x p e c t e d by-
chance. Shrubs are i m p o r t a n t f o r pheasants, w h i c h 
i n t e n s i v e l y use woodland edges r i c h i n cover 30-200cm t a l l 
( Robertson e t al. 1993, Lachlan & Bray 1976). Woodland 
management f o r pheasants i n v o l v e s m a i n t a i n i n g open r i d e s 
and shrubby woodland edges (Woodburn & Robertson 1990) and 
t h i s s h o u l d a l s o b e n e f i t b r e e d i n g woodcock because as w e l l 
as p r e f e r r i n g t o f e e d i n edge h a b i t a t , r i d e s a r e an 
e s s e n t i a l f e a t u r e f o r r o d i n g males i n l a r g e woods. T h i s i s 
i m p o r t a n t because pheasants are a sp e c i e s o f c o n s i d e r a b l e 
economic v a l u e and as such t h e y i n f l u e n c e t h e ways i n w h i c h 
many landowners p l a n t and manage t h e i r woodlands (Cobham 
Resource C o n s u l t a n t s 1992). 
The c o n i f e r o u s h a b i t a t a t W h i t w e l l was p r o b a b l y used 
r e l a t i v e l y i n t e n s i v e l y d u r i n g t h e day because t h e canopy 
w i t h i n t h e f a v o u r e d patches was s t i l l r e l a t i v e l y open such 
t h a t t h e h a b i t a t p r o v i d e d a shrub l a y e r and dense ground 
cover. There was no evidence t h a t t h e woodcock f e d i n t h e 
c o n i f e r areas and t h e y would have been r e l a t i v e l y 
u n p r o f i t a b l e compared t o t h e stands o f sycamore and even 
beech. For t h i s reason i t i s more l i k e l y t h a t t h e c o n i f e r 
was s i m p l y used as r e s t i n g s i t e s . The r e l a t i v e s a f e t y 
a f f o r d e d by t h e dense cover p r o b a b l y a l s o e x p l a i n s why t h e 
young Scots p i n e was r e g u l a r l y used f o r r o o s t i n g . C l e a r l y , 
i f l a r g e c o n i f e r p l a n t a t i o n s a re t o be o f v a l u e t o 
woodcock, some e f f o r t must be made t o ensure t h a t b l o c k s 
are m a i n t a i n e d a t a range o f ages because c o n i f e r o u s areas 
are l i k e l y t o be a v o i d e d as soon as t h e canopy c l o s e s and 
th e v e g e t a t i o n below i s shaded o u t . 
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5.5.2 H a b i t a t use and management i n the uplands 
The home ranges o f woodcock a t M i l l d e n were c l e a r l y -
e s t a b l i s h e d i n areas o f young b i r c h o r mature b i r c h w i t h 
b r a c k e n and these h a b i t a t s were used more i n t e n s i v e l y 
w i t h i n t h e home ranges. Mature b i r c h w i t h g r a s s as t h e 
dominant herb s p e c i e s was p r o b a b l y used l e s s because i t 
a f f o r d e d v e r y l i t t l e cover and t h e woodcock's plumage would 
have o f f e r e d i t l e s s e f f e c t i v e camouflage t h a n i n o t h e r 
areas. Woodcock ar e a l s o more l i k e l y t o be d i s t u r b e d by 
sheep i n t h e patches o f woodland w i t h g r a s s . Not 
s u r p r i s i n g l y , rough and improved g r a z i n g and h e a t h e r were 
l a r g e l y a voided, a l t h o u g h some o f t h e r a d i o t a g g e d b i r d s d i d 
o c c a s i o n a l l y f e e d i n these h a b i t a t s by day. I t seems 
s t r a n g e t h a t t h e woodcock a t M i l l d e n were n o t n o c t u r n a l l y 
a c t i v e and d i d n o t use t h e nearby p a s t u r e f i e l d s 
( s e c t i o n 5.4.1); a t p r e s e n t no e x p l a n a t i o n can be o f f e r e d 
f o r t h i s d i f f e r e n c e i n b e h a v i o u r between t h e b i r d s a t 
W h i t w e l l Wood and M i l l d e n . 
The woodcock d i d n o t r e s t r i c t f e e d i n g t o p a r t i c u l a r 
p a tches o f a c e r t a i n v e g e t a t i o n s t r u c t u r e w i t h i n t h e 
p r e f e r r e d h a b i t a t s as a t W h i t w e l l Wood. The reason f o r t h i s 
was p r o b a b l y because t h e r e were g r e a t e r d i f f e r e n c e s between 
th e h a b i t a t s a t M i l l d e n , b u t w i t h i n each h a b i t a t t y p e t h e 
v e g e t a t i o n a l s t r u c t u r e was r e l a t i v e l y u n i f o r m compared t o 
W h i t w e l l Wood. Earthworms, whic h were r e l a t i v e l y more 
i m p o r t a n t i n the d i e t a t M i l l d e n t h a n a t W h i t w e l l Wood, 
o c c u r r e d a t h i g h e r d e n s i t i e s i n t h e birchwood t h a n t h e open 
h a b i t a t t y p e s . Juncus f l u s h was t h e e x c e p t i o n , s u p p o r t i n g 
good numbers o f b o t h earthworms and s o i l - s u r f a c e 
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i n v e r t e b r a t e s , b u t i t was used r e l a t i v e l y l i t t l e by t h e 
woodcock, presumably because o f t h e r e l a t i v e l y poor cover 
a f f o r d e d . However, t h e s p r i n g and summer o f 1993, when t h e 
earthworm samples were t a k e n , remained r e l a t i v e l y wet and 
i t i s c o n c e i v a b l e t h a t these f l u s h e s become more i m p o r t a n t 
i n d r y y e a r s . 
O b v i o u s l y o n l y l i m i t e d c o n f i d e n c e can be p l a c e d on any 
c o n c l u s i o n s about t h e d i s t r i b u t i o n o f n e s t s a t M i l l d e n 
because t h e sample was s m a l l . N e v e r t h e l e s s , i t was c l e a r 
t h a t n e s t s were n o t l o c a t e d e x c l u s i v e l y i n t h e woodland. I n 
a d d i t i o n , r o d i n g males d i d n o t r e s t r i c t t h e i r f l i g h t s t o 
the wooded areas b u t r e g u l a r l y d i s p l a y e d f o r up t o 1km over 
areas o f bracken and h e a t h e r moorland. H i r o n s (1988a) 
showed t h a t t h e woodcock a t W h i t w e l l Wood roded most 
i n t e n s i v e l y over t h e patches o f h a b i t a t t h a t were most 
f r e q u e n t l y used f o r n e s t i n g . Assuming t h e same was t r u e a t 
M i l l d e n , t h e b e h a v i o u r of t h e males would suggest t h a t 
n e s t s were l o c a t e d i n open areas as o f t e n as i n t h e 
woodland. S t u d i e s o f t h e American woodcock i n n a t u r a l l y 
r e g e n e r a t i n g a l d e r and aspen woodland showed t h a t t h e b i r d s 
n e s t i n r e l a t i v e l y open areas whereas broods and s o l i t a r y 
b i r d s use h e a v i e r cover (Rabe 1977) . I t i s p o s s i b l e t h a t 
t h e b r a c k e n and h e a t h e r were used f o r n e s t i n g a t M i l l d e n 
because t h e b i r d s were l e s s l i k e l y t o be d i s t u r b e d by sheep 
and deer t h a n i n t h e woodland. 
The encroachment o f bracken has become a problem i n 
t h e u p l a n d s d u r i n g t h e l a s t decade due t o i n c r e a s e d g r a z i n g 
p r e s s u r e f r o m sheep on m a r g i n a l h i l l ground w h i c h was 
f o r m e r l y comprised m a i n l y o f h e a t h e r (Hudson & Newborn 
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1 9 8 9 ) . I n some a r e a s b r a c k e n h a r b o u r s t h e t i c k Ixodes 
ricinus w h i c h c a r r i e s t h e l o u p i n g i l l v i r u s and t h i s i s 
b e g i n n i n g t o worry g r o u s e moor owners. I t seems l i k e l y t h a t 
l a r g e a r e a s of b r a c k e n w i l l be s p r a y e d out i n many a r e a s i n 
t h e n e x t few y e a r s , removing n e s t i n g h a b i t a t f o r woodcock. 
The e x t e n t of the impact on l o c a l p o p u l a t i o n s of b r e e d i n g 
woodcock cannot be gauged a t t h i s s t a g e , but w i l l o b v i o u s l y 
depend on t h e r e l a t i v e s u c c e s s of n e s t i n g a t t e m p t s i n the 
r e m a i n i n g h a b i t a t s . 
5.5.3 The e f f e c t on breeding woodcock of changes i n the 
a r e a and types of woodland i n B r i t a i n during the l a s t 50 
y e a r s 
T h e r e has been a 76% i n c r e a s e i n the t o t a l a r e a of 
woodland i n B r i t a i n d u r i n g the l a s t 50 y e a r s (Warren & Key 
1991) w h i c h might be e x p e c t e d t o have p r o v i d e d more h a b i t a t 
f o r b r e e d i n g woodcock. However, t h e r e has been a m a j o r 
change i n t h e abundance of d i f f e r e n t t y p e s of woodland w i t h 
t h e r e s u l t t h a t t h e r e i s c u r r e n t l y a l a r g e r p r o p o r t i o n of 
c o n i f e r h a b i t a t . T h e r e has been a 199% i n c r e a s e i n 
c o n i f e r o u s woodland i n t h e l a s t 50 y e a r s , but managed 
c o p p i c e has d e c l i n e d by 82% (Warren & Key 1991) and 
c o p p i c i n g has v i r t u a l l y c e a s e d throughout t h e c o u n t r y 
(Rackham 1 9 8 0 ) . Between 30% and 50% of B r i t a i n ' s a n c i e n t 
s e m i - n a t u r a l woodland has a l s o been l o s t . These changes may 
have r e d u c e d the s i z e of t h e B r i t i s h b r e e d i n g woodcock 
p o p u l a t i o n . 
A l t h o u g h some of the c o n i f e r a r e a s a t W h i t w e l l Wood 
were h i g h l y u t i l i z e d , t h e s e c o n s i s t e d of young S c o t s p i n e 
( t e n y e a r s o l d ) w h i c h was s t i l l r e l a t i v e l y open and 
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s u p p o r t e d dense ground v e g e t a t i o n . The mature S c o t s p i n e 
a r e a s a t M i l l d e n c o m p r i s e d the l e a s t p r e f e r r e d h a b i t a t 
t y p e . W h i l e i t seems l i k e l y t h e r e f o r e t h a t woodcock 
b e n e f i t t e d from t h e l a r g e - s c a l e p l a n t i n g of c o n i f e r f o r e s t s 
i n S S c o t l a n d and N Wales i n t h e 1960s, a s supposed by 
P a r s l o w (1967) , t h e v a l u e of t h i s h a b i t a t t o woodcock f o r 
b r e e d i n g i s p r o b a b l y now much r e d u c e d due t o c l o s i n g of t h e 
f o r e s t canopy. 
Under t r a d i t i o n a l c o p p i c e management, r o t a t i o n s were 
u s u a l l y e v e r y 7-25 y e a r s , w h i c h produced a m o s a i c o f 
c o p p i c e p a t c h e s a t d i f f e r e n t s t a g e s w i t h i n t h e same wood. 
Such c o p p i c e s were c h a r a c t e r i z e d by a dense u n d e r s t o r e y and 
an open t r e e canopy and would p r o b a b l y have p r o v i d e d good 
h a b i t a t f o r woodcock d u r i n g t h e b r e e d i n g s e a s o n . The l o s s 
of c o p p i c e h a b i t a t has t h e r e f o r e u n d o u b t e d l y c o n t r i b u t e d t o 
the d e c l i n e i n t h e s i z e of t h e B r i t i s h b r e e d i n g woodcock 
p o p u l a t i o n . The woods t h a t have r e p l a c e d t h e former 
c o p p i c e s c o n s i s t o f t a l l , mature woodland w h i c h i s h e a v i l y 
shaded, a good example b e i n g t h e beechwoods of the 
C h i l t e r n s . T h e r e i s a l s o an i n c r e a s i n g t r e n d towards 
r e a f f o r e s t a t i o n of p a r t s of b r o a d l e a v e d woods w i t h c o n i f e r s 
( F u l l e r 1982, Warren & Key 1 9 9 1 ) . I n s u c h woods, t h e 
m a i n t e n a n c e of r i d e s w i l l enhance t h e i r v a l u e t o woodcock 
by p r o m o t i n g more woodland edge h a b i t a t , w h i c h i s p r e f e r r e d 
by woodcock w h i l s t f e e d i n g ( s e c t i o n 5 . 4 . 2 ) . 
I n t e n s e g r a z i n g i n u n e n c l o s e d woodland r e d u c e s n a t u r a l 
r e g e n e r a t i o n , and t h e s h r u b l a y e r and most of t h e ground 
v e g e t a t i o n may be a b s e n t . T h i s i s c u r r e n t l y t h e c a s e i n t h e 
New F o r e s t and many w e s t e r n s e s s i l e oakwoods, w h i c h 
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c o n s e q u e n t l y a r e u n l i k e l y t o p r o v i d e good h a b i t a t f o r 
woodcock i n s p r i n g . I t i s c o n c e i v a b l e t h a t t h e i n c r e a s e d 
g r a z i n g p r e s s u r e e x e r t e d by sheep and d e e r i n u p l a n d 
B r i t a i n may r e d u c e t h e s u i t a b i l i t y of some woods f o r 
woodcock due t o removal of t he u n d e r s t o r e y . 
5.5.4 The d i e t of woodcock 
The range of p r e y i t e m s found i n t h e d i e t s of t h e 
woodcock a t W h i t w e l l Wood and M i l l d e n was s i m i l a r t o t h a t 
found by Bettmann (1961) b a s e d on t h e e x a m i n a t i o n o f 88 gut 
c o n t e n t s , w i t h t h e e x c e p t i o n t h a t he a l s o found t h e r e m a i n s 
of e a r w i g s Forficula auricularia and s n a i l s . R u n dle (1982) 
s u g g e s t e d t h a t t h e g i z z a r d c o n t e n t s of waders were b i a s e d 
towards t h e r e m a i n s of l a r g e , h a r d p r e y and t h a t o n l y t h e 
oesophagus, w h i c h i s f r e q u e n t l y empty, c o u l d p r o v i d e a 
r e l i a b l e i n d i c a t i o n o f t h e d i e t . T h i s e x p l a i n s why Koubek 
(1986) found b e e t l e r e m a i n s i n 63.5% of woodcock stomachs 
from b i r d s s h o t d u r i n g mid-March t o m i d - A p r i l (n=55) but 
e v i d e n c e t h a t earthworms had been e a t e n i n o n l y 6.6%. G r e e n 
& T y l e r (1989) c o n c l u d e d t h a t t h e r e l a t i v e f r e q u e n c i e s of 
p r e y i t e m s i n t h e d i e t can be more a c c u r a t e l y a s s e s s e d from 
a n a l y s i s o f f a e c a l samples t h a n stomachs, p r o v i d e d t h a t 
e s t i m a t e s of t h e r e l a t i v e r a t e s of d i g e s t i o n o f d i f f e r e n t 
p r e y i t e m s c a n be o b t a i n e d from c a l i b r a t i o n e x p e r i m e n t s on 
c a p t i v e b i r d s . The r e s u l t s of t h e p r e s e n t s t u d y , b a s e d on 
f a e c a l a n a l y s i s , s h o u l d t h e r e f o r e be more r e l i a b l e t h a n 
t h o s e of p r e v i o u s s t u d i e s and s u g g e s t t h a t earthworms a r e 
more i m p o r t a n t t h a n b e e t l e s i n t h e d i e t of a d u l t woodcock, 
c o m p r i s i n g 22-33% of t h e p r e y i t e m s i n g e s t e d . 
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The a b s e n c e of d i p t e r a n l a r v a e i n t h e d i e t was 
s u r p r i s i n g a s t h e y c o m p r i s e d 12.8% of the p r e y i t e m s 
i d e n t i f i e d i n stomachs by Koubek (1986) and were known t o 
c o m p r i s e an i m p o r t a n t component of t he woodcock d i e t i n 
w i n t e r ( C h a p t e r 4) . G a l b r a i t h (1989) found t h a t t i p u l i d 
l a r v a e c o m p r i s e d 6.2% of p r e y i t e m s i n t h e d i e t o f l a p w i n g 
c h i c k s f e e d i n g on a r e a s of rough g r a z i n g i n c e n t r a l 
S c o t l a n d , compared t o earthworms w h i c h c o m p r i s e d o n l y 3.9%. 
I t i s u n l i k e l y t h a t t i p u l i d l a r v a e were o v e r l o o k e d i n t h e 
p r e s e n t s t u d y b e c a u s e t h e i r d i s t i n c t i v e m a n d i b l e s r e m a i n 
i n t a c t i n t h e f a e c e s and I had p r e v i o u s l y i d e n t i f i e d them 
i n f a e c a l s a m p l e s t a k e n from woodcock i n w i n t e r . The 
d e n s i t y of d i p t e r a n l a r v a e i n s o i l c o r e s a t W h i t w e l l Wood 
( a p p r o x i m a t e l y 20m~2) and M i l l d e n ( b i r c h 44.7±7.9m~ 2 (±se), 
n=80 and b r a c k e n , f l u s h and h e a t h e r 22.8±8.3m~ 2 (±se), n=60) 
was r e l a t i v e l y low, s u c h t h a t i t was p r o b a b l y more 
p r o f i t a b l e f o r t he woodcock t o t a k e a l t e r n a t i v e p r e y i t e m s 
a t t h e s e s i t e s . The f a c t t h a t a d u l t c a r a b i d s were l a r g e l y 
a v o i d e d by a d u l t woodcock and c h i c k s a t b o t h s i t e s i s 
p r o b a b l y b e c a u s e many c a r a b i d s exude a pungent c h e m i c a l 
when h a n d l e d (Crowson 1981) w h i c h makes them d i s t a s t e f u l t o 
b i r d s . 
Earthworms o n l y c o m p r i s e d a r e l a t i v e l y s m a l l 
p r o p o r t i o n of t h e d i e t of woodcock c h i c k s a t W h i t w e l l Wood 
and s p i d e r s and ha r v e s t m e n c o m p r i s e d t h e most i m p o r t a n t 
p r e y t a x o n . T h i s was i n c o n t r a s t t o t h e s i t u a t i o n a t 
M i l l d e n where earthworms were a v e r y i m p o r t a n t component of 
t h e c h i c k d i e t d u r i n g t h e f i r s t f i v e days o f l i f e . Here, 
r a t h e r t h a n i n c r e a s i n g a s t h e c h i c k s grew and t h e i r b i l l s 
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became b e t t e r s u i t e d t o p r o b i n g , t h e p r o p o r t i o n of 
earthworms i n t he d i e t d e c r e a s e d . The r e a s o n f o r t h i s 
d i f f e r e n c e i s not c l e a r a s t h e mean ages of t h e c h i c k s from 
w h i c h t h e f a e c a l s amples were t a k e n were s i m i l a r a t b o t h 
s i t e s ; 5.7 days a t M i l l d e n and 5.4 days a t W h i t w e l l Wood. 
T h i s begs t h e q u e s t i o n a s t o whether t h e c h i c k s a t 
M i l l d e n were f e d by t h e female d u r i n g t h e f i r s t few d a y s . 
I n g e n e r a l , young waders, w i t h t h e e x c e p t i o n of 
o y s t e r c a t c h e r s Haematopus ostralegus a r e not f e d by t h e i r 
p a r e n t s , a l t h o u g h young common s n i p e Gallinago gallinago 
may be f e d from t h e p a r e n t ' s b i l l a t f i r s t (Tuck 1972) . 
Broods of young woodcock c h i c k s a r e v e r y d i f f i c u l t t o 
o b s e r v e i n t h e w i l d and t h e r e has o n l y been one d e s c r i p t i o n 
of an a d u l t i n t h e w i l d f e e d i n g o f f s p r i n g b i l l t o b i l l 
(Workman 1 9 5 4 ) . Marcstrom & Sundgren ( 1 9 7 7 ) , however, 
c o n c l u d e d t h a t c a p t i v e c h i c k s were u n a b l e t o r e c o g n i z e and 
c o l l e c t t h e i r own food f o r t he f i r s t few d a y s . I n t h e 
A m e r i c a n woodcock, young c h i c k s a r e s a i d t o crowd around 
t h e f e e d i n g female and t a k e earthworms from h e r b i l l (Gregg 
1984) . They a r e b e l i e v e d t o be dependent on t h e hen f o r 
food u n t i l t h e y a r e a t l e a s t a week o l d . V a r g a (1968) 
r e p o r t e d t h a t f e m a l e European woodcock would s c r a p e l e a f 
l i t t e r a s i d e so t h a t t h e c h i c k s c o u l d f e e d , but t h i s 
b e h a v i o u r has not been c o n f i r m e d by o t h e r w o r k e r s . 
N e v e r t h e l e s s , t h e c l e a r p r e f e r e n c e f o r s p i d e r s and 
harv e s t m e n , a p r e y t y p e not s t r o n g l y s e l e c t e d by a d u l t 
woodcock, a t bo t h s i t e s s u g g e s t s t h a t t h e c h i c k s a l s o 
a t t e m p t e d t o f o r a g e f o r t h e m s e l v e s . T h e r e was a s u g g e s t i o n 
a t M i l l d e n t h a t woodcock n e s t s i t e s and a d u l t f e e d i n g s i t e s 
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were l o c a t e d i n a r e a s s u p p o r t i n g the g r e a t e s t abundance of 
t h e p r e f e r r e d p r e y t y p e s of c h i c k s and a d u l t s r e s p e c t i v e l y . 
P l a n t m a t e r i a l was c o n s i d e r e d u n i m p o r t a n t i n t h e d i e t 
of woodcock i n t h i s s t u d y b e c a u s e the i t e m s found c o n s i s t e d 
s o l e l y o f s m a l l amounts of l e a f m a t e r i a l , presumed t o have 
been i n g e s t e d i n c i d e n t a l l y d u r i n g p r o b i n g . However, 
Koubek (1986) r e p o r t e d the p r e s e n c e of s e e d s of s i x s p e c i e s 
p l u s p i n e n e e d l e s , w i t h p l a n t f r a g m e n t s c o m p r i s i n g 20.5% of 
a l l t h e i t e m s ( e x c l u d i n g g r i t ) i d e n t i f i e d i n stomachs. The 
A m e r i c a n woodcock i s a l s o c o n s i d e r e d t o t a k e some p l a n t 
m a t e r i a l a s food (Gregg 1 9 8 4 ) . 
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6. WOODCOCK BREEDING SUCCESS AND A SIMULATION 
MODEL FOR BREEDING WOODCOCK POPULATIONS 
6.1 INTRODUCTION 
T h e r e i s p r e s e n t l y some c o n c e r n t h a t t h e r e s i d e n t 
B r i t i s h b r e e d i n g woodcock p o p u l a t i o n i s d e c l i n i n g , 
p a r t i c u l a r l y i n S E n g l a n d (Marchant e t a l . 1990, L e w i s & 
R o b e r t s 1 9 9 3 ) . I n o r d e r t o d e v i s e a means of c o r r e c t i n g 
t h i s t r e n d i t i s n e c e s s a r y t o have an u n d e r s t a n d i n g of t h e 
r a t e of m o r t a l i t y a t d i f f e r e n t s t a g e s i n t h e b r e e d i n g 
p r o c e s s and d u r i n g t h e w i n t e r . B a s i c b r e e d i n g d a t a a r e 
l i m i t e d f o r t h e woodcock and t h e r e has been no s u b s t a n t i a l 
c o n t r i b u t i o n t o our u n d e r s t a n d i n g of woodcock b r e e d i n g 
s u c c e s s i n B r i t a i n s i n c e t h e Woodcock I n q u i r y of 1934-35 
( A l e x a n d e r 1 9 4 5 - 4 7 ) . Morgan & S h o r t e n (1974) examined t h e 
BTO n e s t r e c o r d c a r d s f o r 1945-71 but o n l y e s t i m a t e d t h e 
p r o p o r t i o n of n e s t s t h a t were s u c c e s s f u l and d i d not 
at t e m p t t o c a l c u l a t e c l u t c h s u r v i v a l . T h e r e have been no 
a t t e m p t s t o measure c h i c k s u r v i v a l o r growth i n t h e 
woodcock p r o b a b l y b e c a u s e t h e c h i c k s cannot be o b s e r v e d and 
a r e d i f f i c u l t t o r e l o c a t e once t h e y have l e f t t h e n e s t . 
I n f o r m a t i o n on c h i c k s u r v i v a l i s c l e a r l y i m p o r t a n t b e c a u s e 
i t i s a t t h i s s t a g e t h a t e x t r i n s i c f a c t o r s s u c h a s we a t h e r 
and food a v a i l a b i l i t y a r e l i k e l y t o have t h e most impact on 
o v e r a l l b r e e d i n g s u c c e s s . 
I n a d d i t i o n t o an u n d e r s t a n d i n g of t h e r e l a t i v e 
i m p o r t a n c e of t h e d i f f e r e n t m o r t a l i t y f a c t o r s i n t h e l i f e -
c y c l e o f t h e woodcock, a r e l i a b l e method o f c o u n t i n g 
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b r e e d i n g woodcock i s r e q u i r e d so t h a t p o p u l a t i o n s c a n be 
more a c c u r a t e l y monitored. B e c a u s e woodcock a r e a t t h e i r 
most c o n s p i c u o u s when the males a r e r o d i n g , t h i s i s t h e 
o b v i o u s time a t w h i c h t o attempt t o c e n s u s t h e s p e c i e s . 
B o t h t h e p e r i o d i n which r o d i n g m a l e s c a n be o b s e r v e d ( t h e 
d u r a t i o n of r o d i n g ) and the number of f l i g h t s o b s e r v e d p e r 
r o d i n g p e r i o d ( t h e i n t e n s i t y of r o d i n g ) i n c r e a s e t h r o u g h 
t h e s e a s o n , p e a k i n g i n May and June ( H i r o n s 1983, F e r r a n d 
1989) . H i r o n s (1983) found t h a t t h e i n t e n s i t y of r o d i n g 
e a c h n i g h t was r e d u c e d by low d a i l y t e m p e r a t u r e s e a r l y i n 
t h e b r e e d i n g s e a s o n (March) and May and June would appear 
t o be t h e b e s t months t o c e n s u s r o d i n g m a l e s . However, t h e 
main drawback w i t h a c e n s u s b a s e d on t h e number of r o d i n g 
males i s t h a t i t i s not p o s s i b l e t o r e c o g n i z e i n d i v i d u a l s 
by s i g h t and t h u s a g i v e n number of o b s e r v a t i o n s may 
r e p r e s e n t d i f f e r e n t i n d i v i d u a l s on e a c h o c c a s i o n o r may 
r e p r e s e n t s e v e r a l o b s e r v a t i o n s e a c h f o r a r e l a t i v e l y s m a l l 
number o f i n d i v i d u a l s . An at t e m p t was made t o q u a n t i f y t h i s 
on the b a s i s of s i g h t i n g s of r a d i o t a g g e d males i n t h e 
p r e s e n t s t u d y , i n o r d e r t o d e t e r m i n e whether r o d i n g c o u n t s 
c o u l d be c o r r e c t e d f o r the number of t i m e s t h e same 
i n d i v i d u a l s were s e e n . 
Models a r e b e i n g i n c r e a s i n g l y u s e d t o examine v a r i o u s 
e c o l o g i c a l p r o c e s s e s and s y s t e m s and t o a s s e s s t h e r e l a t i v e 
m e r i t s of d i f f e r e n t management o p t i o n s f o r p a r t i c u l a r 
s p e c i e s . Models a r e of v a l u e i n t h i s r e s p e c t b e c a u s e t h e y 
e n a b l e t h e e f f e c t s of d i f f e r e n t m o r t a l i t y f a c t o r s t o be 
examined i n c o m b i n a t i o n . They c a n o n l y e v e r be a s r e l i a b l e 
a s t h e d a t a on w h i c h t h e y a r e founded, but i n c a s e s where 
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l a r g e r i g o r o u s l y - c o l l e c t e d d a t a s e t s a r e a v a i l a b l e t h e y c a n 
be u s e d t o produce p r e d i c t i o n s f o r subsequent i n d e p e n d e n t 
t e s t i n g . 
I n t h i s c h a p t e r an attempt has been made t o c o n s t r u c t 
a s i m p l e d e t e r m i n i s t i c model f o r a b r e e d i n g woodcock 
p o p u l a t i o n on t h e b a s i s of 15 y e a r s of f i e l d d a t a and 
a d d i t i o n a l i n f o r m a t i o n from n a t i o n a l woodcock bags. The 
d a t a a r e i n s u f f i c i e n t f o r a r o b u s t model t o be b u i l t but 
t h e p r e s e n t model has been u s e d t o t e n t a t i v e l y examine t h e 
e f f e c t o f d i f f e r e n t l e v e l s of h a r v e s t i n g on t h e e q u i l i b r i u m 
d e n s i t y o f b r e e d i n g female woodcock, m a i n t a i n e d by p r o b a b l e 
d e n s i t y - d e p e n d e n t o v e r w i n t e r l o s s , and t o e s t i m a t e t h e 
maximum s u s t a i n a b l e y i e l d . I t has a l s o been u s e d t o 
d e t e r m i n e t h e e f f e c t of i m p o s i n g a c o l d w e a t h e r ban on 
s h o o t i n g , t o show t h e v a l u e of a r o b u s t model b u i l t on a 
l a r g e r d a t a s e t . 
M o r t a l i t y i n woodcock i s thought t o i n c r e a s e i n s e v e r e 
w i n t e r s ( B a i l l i e e t al. 1986) and t h e r e i s e v i d e n c e t h a t 
some woodcock, p r o b a b l y m a i n l y C o n t i n e n t a l m i g r a n t s , move 
s o u t h - w e s t i n r e s p o n s e t o c o l d w e a t h e r (Tapper & 
H i r o n s 1983, C h a p t e r 3) . C u r r e n t l e g i s l a t i o n e n a b l e s t h e 
S e c r e t a r y of S t a t e t o impose w i l d f o w l i n g bans i n 
e x c e p t i o n a l l y c o l d w i n t e r s t o o f f s e t t h e e x t r a m o r t a l i t y 
c a u s e d by t h e f r e e z i n g of w e t l a n d a r e a s , and t h e s e a p p l y 
a l s o t o t h e s h o o t i n g of woodcock. I t i s u s u a l l y c o n s i d e r e d , 
though not proven, t h a t some of t h e a d d i t i o n a l m o r t a l i t y i s 
a t t r i b u t a b l e t o s h o o t i n g i t s e l f , e s p e c i a l l y where b i r d s a r e 
c o n c e n t r a t e d i n i c e o r snow f r e e a r e a s . 
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6.2 STUDY SITES 
Data were c o l l e c t e d from t h e two woodcock b r e e d i n g 
s i t e s , W h i t w e l l Wood, NE D e r b y s h i r e ( g r i d r e f e r e n c e SK 
5278) and M i l l d e n , Angus ( g r i d r e f e r e n c e NO 5378), 
d e s c r i b e d i n C h a p t e r 5. 
6.3 METHODS 
6.3.1 E s t i m a t i o n of recapture r a t e s and ad u l t s u r v i v a l of 
woodcock during the breeding season 
A c o n t i n u o u s e f f o r t w i t h m i s t n e t s and drop t r a p s was 
employed t o c a t c h and r i n g f u l l - g r o w n woodcock a t W h i t w e l l 
Wood d u r i n g March-June i n 1978-81 and 1985-92. E s t i m a t e s of 
the r a t e s of r e c a p t u r e of r i n g e d b i r d s d u r i n g t h e same 
b r e e d i n g s e a s o n were w e i g h t e d a c c o r d i n g t o t h e days of 
exp o s u r e from t h e time of r i n g i n g . A d u l t s u r v i v a l d u r i n g 
t h e b r e e d i n g s e a s o n was d e t e r m i n e d from 2 0 male woodcock 
and f o u r f e m a l e woodcock r a d i o t r a c k e d d u r i n g 1986, 1991 and 
1992 . A f i n i t e d a i l y s u r v i v a l r a t e was c a l c u l a t e d by means 
of t h e B a r t & Robson (1982) e s t i m a t o r , w h i c h was th e n u s e d 
t o e s t i m a t e s u r v i v a l d u r i n g t h e b r e e d i n g s e a s o n ( t a k e n a s 
1 March-31 J u l y ) . T h i s method assumes t h a t e a c h s u r v i v a l 
e v e n t (one b i r d s u r v i v i n g one day) i s independent and has a 
c o n s t a n t p r o b a b i l i t y o v e r a l l t h e b i r d s and a l l d a y s . I t 
was u s e d i n p r e f e r e n c e t o t h e K a p l a n - M e i e r (1958) o r 
p r o d u c t l i m i t e s t i m a t o r d e s c r i b e d by P o l l o c k e t a l . (1989) 
b e c a u s e t h e woodcock were not a l l r a d i o t a g g e d and r e l e a s e d 
a t t h e same time ; one of t h e r e q u i r e m e n t s of t h e p r o d u c t 
l i m i t e s t i m a t o r . I n a d d i t i o n o n l y one b i r d was found dead, 
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w h i c h would have r e n d e r e d t h e l a t t e r method r e l a t i v e l y 
i n a c c u r a t e . 
603.2 A n a l y s i s of n e s t record cards 
A t o t a l of 539 n e s t r e c o r d c a r d s c o l l e c t e d by t h e 
B r i t i s h T r u s t f o r O r n i t h o l o g y d u r i n g t h e p e r i o d 1945-1989 
were a n a l y z e d . The n e s t s were e n c o u n t e r e d d u r i n g t h e c o u r s e 
of g e n e r a l n e s t f i n d i n g by o b s e r v e r s throughout B r i t a i n . 
S e v e n t y - n i n e c a r d s were e x c l u d e d b e c a u s e t h e y r e l a t e d o n l y 
t o h a t c h e d young, a s were 11 n e s t s t h a t were r e c o r d e d a s 
p r e d a t e d o r abandoned when f i r s t found. The d i s t r i b u t i o n of 
r e c o r d s was b i a s e d towards N E n g l a n d and S c o t l a n d and t h e r e 
were p a r t i c u l a r l y few r e c o r d s from Wales (n=6) o r SW 
E n g l a n d (n=3) ( F i g u r e 6.1) . T h i s i s i n agreement w i t h t h e 
d i s t r i b u t i o n of b r e e d i n g woodcock g i v e n by S h a r r o c k (1976) 
and L e w i s & R o b e r t s (1993) . At l e a s t two v i s i t s were made 
to 328 of the n e s t s , e n a b l i n g t h e r e c o r d s f o r t h e s e t o be 
u s e d t o c a l c u l a t e d a i l y r a t e s of n e s t l o s s . 
The i n c u b a t i o n p e r i o d was t a k e n a s b e g i n n i n g on t h e 
day t h e l a s t egg was l a i d and f i n i s h i n g on t h e day the l a s t 
c h i c k h a t c h e d . R e c o r d s of c l u t c h s i z e were o n l y a c c e p t e d on 
two c o n d i t i o n s . F i r s t , i f two v i s i t s t o t h e n e s t more t h a n 
4 8 h o u r s a p a r t showed no i n c r e a s e i n the number of eggs 
l a i d , o r second, i f n e s t s where h a t c h i n g was r e c o r d e d were 
v i s i t e d d u r i n g t h e 15 days p r i o r t o t h e h a t c h . F i r s t egg 
d a t e s were d e t e r m i n e d from n e s t s found d u r i n g l a y i n g by 
s u b t r a c t i n g one day f o r e a c h egg l a i d , o r from n e s t s f o r 
w h i c h t h e h a t c h d a t e was known by s u b t r a c t i n g 22 days p l u s 
one day f o r e a c h egg. R e c o r d s where the d a t e of h a t c h i n g 
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F i g u r e 6„1 The d i s t r i b u t i o n of records f o r woodcock n e s t s 
from the BTO Nest Record Scheme f o r 1945-1989 (n=449) and 
the d i v i s i o n of B r i t a i n i n t o c e n t r a l and S England, 
N England and Scotland f o r the purpose of determining 
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c o u l d be d e t e r m i n e d t o w i t h i n +5 days were i n c l u d e d . 
R e g i o n a l d i f f e r e n c e s i n t h e o n s e t of egg l a y i n g were 
s t u d i e d by s p l i t t i n g B r i t a i n i n t o t h r e e a r e a s ; c e n t r a l and 
S E n g l a n d , N E n g l a n d and S c o t l a n d ( F i g u r e 6 . 1 ) . 
R a t e s of n e s t l o s s were c a l c u l a t e d u s i n g t h e M a y f i e l d 
method ( M a y f i e l d 1961, 1975) i n a r e v i s e d form w h i c h 
a l l o w e d s t a t i s t i c a l c o m p a r i s o n s ( H e n s l e r & N i c h o l s 1981, 
S o k a l & R o h l f 1981) . T h i s method assumes t h a t t h e d a i l y 
s u r v i v a l p r o b a b i l i t y (S) d u r i n g a g i v e n s t a g e of n e s t i n g i s 
c o n s t a n t and t h a t t h e p r o b a b i l i t y of a n e s t s u r v i v i n g 
t h r o u g h o u t a s t a g e l a s t i n g x days i s Sx. L o s s r a t e s were 
e s t i m a t e d from t h e number of days d u r i n g w h i c h n e s t s were 
o b s e r v e d and from t h e number of l o s s e s o c c u r r i n g d u r i n g 
t h a t p e r i o d . I f t h e d a t e of n e s t f a i l u r e c o u l d not be 
a s c e r t a i n e d i t was assumed t o have been h a l f - w a y between 
v i s i t s , e x c e p t i n c a s e s where t h e p a r e n t b i r d was f l u s h e d 
d u r i n g a v i s i t and t he n e s t was s u b s e q u e n t l y found t o be 
d e s e r t e d . I n t h e s e c a s e s , t h e d a t e of n e s t f a i l u r e was 
t a k e n a s t h e d a t e on w h i c h t h e p a r e n t b i r d was l a s t 
p r e s e n t . I n o r d e r t o t e s t whether n e s t s e a r c h i n g i n f l u e n c e d 
c l u t c h s u r v i v a l d u r i n g i n c u b a t i o n , s e p a r a t e r a t e s of n e s t 
l o s s were c a l c u l a t e d f o r t he f i v e days i m m e d i a t e l y a f t e r 
t h e n e s t was found and f o r t h e p e r i o d 6-22 days a f t e r 
f i n d i n g . 
6.3.3 Nest and brood l o c a t i o n a t Whitwell Wood 
N e s t s were l o c a t e d by p e r f o r m i n g s y s t e m a t i c s e a r c h e s 
of W h i t w e l l Wood throughout t h e b r e e d i n g s e a s o n u s i n g 
t r a i n e d dogs. They were t h e n c h e c k e d from a d i s t a n c e 
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t h r o u g h b i n o c u l a r s e v e r y day u n t i l h a t c h i n g . Broods from 
known n e s t s were u s u a l l y l o c a t e d on t h e day t h e y h a t c h e d 
but a number of a d d i t i o n a l broods were found when s e a r c h i n g 
w i t h dogs. I n ea c h c a s e measurements were t a k e n and t h e 
c h i c k s were r i n g e d . As f a r a s p o s s i b l e , broods were 
r e c a p t u r e d a t t h r e e day i n t e r v a l s and f u r t h e r measurements 
were o b t a i n e d . 
D a i l y r a t e s of c h i c k m o r t a l i t y were c a l c u l a t e d on t h e 
b a s i s of c h i c k - d a y s , w i t h l o s s e s assumed t o have o c c u r r e d 
midway between brood c a p t u r e s , u s i n g t h e r e v i s e d M a y f i e l d 
method ( H e n s l e r & N i c h o l s 1 9 8 1 ) . I t was assumed t h a t a l l of 
t h e c h i c k s were found e a c h time a brood was l o c a t e d , 
a l t h o u g h i n a few c a s e s t h i s may not have been t h e c a s e . 
The c a l c u l a t e d c h i c k s u r v i v a l i s t h e r e f o r e l i k e l y t o be a 
minimum e s t i m a t e . The p e r i o d from h a t c h i n g t o f l y i n g was 
t a k e n a s 20 days ( H i r o n s 1 9 8 3 ) . 
6.3.4 Counts of roding male woodcock 
Counts of r o d i n g male woodcock were made a t dusk 
d u r i n g May and June 1991 a t W h i t w e l l Wood and d u r i n g May 
and June 1992 a t M i l l d e n . The same l o c a t i o n was u s e d on a l l 
n i g h t s and t h e i n t e n s i t y of r o d i n g e a c h n i g h t was r e c o r d e d 
a s t h e number of t i m e s t h a t a woodcock f l e w w i t h i n 100m of 
t h e o b s e r v e r . The d u r a t i o n of t h e r o d i n g p e r i o d was 
r e c o r d e d a s t h e time between t h e f i r s t and l a s t s i g h t i n g s . 
The l a s t s i g h t i n g was judged t o have been made i f more t h a n 
3 0 min. e l a p s e d d u r i n g w h i c h no f u r t h e r b i r d s were s e e n . 
The a i r t e m p e r a t u r e a t 2 0.00 BST was r e c o r d e d e a c h e v e n i n g 
i n o r d e r t o examine i t s e f f e c t on t h e r o d i n g i n t e n s i t y . 
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Data on t h e d u r a t i o n of r o d i n g p e r i o d s and t h e number of 
s i g h t i n g s p e r e v e n i n g of s i x r a d i o t a g g e d male woodcock 
d u r i n g May and June 1986, s u p p l i e d by Dr. G. H i r o n s , have 
been examined t o d e t e r m i n e the degree t o w h i c h i n d i v i d u a l 
male woodcock d i f f e r i n t h e i r r o d i n g b e h a v i o u r . 
6.3.5 Key and k f a c t o r a n alyses 
Data c o l l e c t e d a t W h i t w e l l Wood d u r i n g t h e p e r i o d 
1978-1992 were u s e d t o i n v e s t i g a t e t h e s t r e n g t h of the 
d i f f e r e n t m o r t a l i t y f a c t o r s a c t i n g on the woodcock t h e r e . 
As male woodcock a r e polygynous ( H i r o n s 1979, 1980, 1 9 8 1 ) , 
t h e v i a b i l i t y of b r e e d i n g p o p u l a t i o n s i s d e t e r m i n e d by t h e 
number of f e m a l e s and so the key f a c t o r a n a l y s i s was 
r e s t r i c t e d t o f e m a l e s . I t had t o be assumed t h a t t h e r e was 
no d i f f e r e n c e i n t h e m o r t a l i t y of female woodcock w i t h age, 
b e c a u s e t h e r e i s c u r r e n t l y no e v i d e n c e t o s u g g e s t 
o t h e r w i s e . S u r v i v a l a f t e r t h e f i r s t y e a r of l i f e i s not age 
dependent i n t h e l a p w i n g Vanellus vanellus (Peach e t al. 
1994) . M o r t a l i t i e s were c a l c u l a t e d a s k v a l u e s ( V a r l e y & 
G r a d w e l l 1960) and f i v e m o r t a l i t y f a c t o r s were examined, 
f o u r of w h i c h were i n c l u d e d i n t h e a n a l y s i s : 
Egg m o r t a l i t y kx 
The t o t a l number of eggs l a i d e a c h y e a r was e s t i m a t e d 
from t h e eggs c o u n t e d i n a c t i v e n e s t s and from t h e number 
of n e s t s found f r e s h l y p r e d a t e d and the number of broods 
l o c a t e d (Appendix 6.1) . The number of eggs t h a t h a t c h e d 
from t h e n e s t s found d u r i n g i n c u b a t i o n was known. E a c h n e s t 
found p r e d a t e d and e a c h a d d i t i o n a l brood was assumed t o 
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have o r i g i n a l l y c o n s i s t e d of a n e s t c o n t a i n i n g f o u r eggs. 
I n t h e s e c a s e s , i t was assumed t h a t a l l the eggs h a t c h e d 
f o r e a c h brood found and t h a t a l l the eggs were l o s t f o r 
n e s t s found p r e d a t e d . The e s t i m a t e d t o t a l number of eggs 
l a i d (E) and the number h a t c h e d (H) were c o r r e c t e d f o r t h e 
n e s t s e a r c h i n g e f f o r t e a c h y e a r and were c o n v e r t e d t o 
d e n s i t i e s km"2 by d i v i d i n g by 1.71 ( W h i t w e l l Wood c o v e r s an 
a r e a of 1.71km 2). The c o r r e c t i o n f o r n e s t s e a r c h i n g e f f o r t 
(Appendix 6.1) was an i m p r e c i s e s u b j e c t i v e e s t i m a t e w h i c h 
might c a u s e s u b s t a n t i a l e r r o r i n the key and k f a c t o r 
a n a l y s e s . E s t i m a t e s of egg m o r t a l i t y k1 f o r 1978-81 and 
1985-92 were c a l c u l a t e d a s l o g E - l o g H . Egg m o r t a l i t y kx c o u l d 
not be c a l c u l a t e d f o r 1982-84 because the f a t e s of t h e 
n e s t s found were not known. 
Female m o r t a l i t y k2 
I n s u f f i c i e n t d a t a were o b t a i n e d t o e n a b l e i n d i v i d u a l 
v a l u e s t o be c a l c u l a t e d f o r e a c h y e a r and t h i s m o r t a l i t y 
f a c t o r was not i n c l u d e d i n the key and k f a c t o r a n a l y s e s . 
An e s t i m a t e of the p r o p o r t i o n of n e s t f a i l u r e s t h a t 
r e s u l t e d i n d e a t h of t h e female was d e t e r m i n e d from t h e 
outcomes f o r a c t i v e n e s t s found d u r i n g 1978-81 and 1985-92. 
C h i c k m o r t a l i t y k3 
The number of woodcock c h i c k s f l e d g i n g from e v e r y 
brood c o u l d not be d e t e r m i n e d and t h u s c h i c k m o r t a l i t y k3 
was e s t i m a t e d from c h i c k s u r v i v a l (S) c a l c u l a t e d on t h e 
b a s i s of c h i c k - d a y s of o b s e r v a t i o n ( H e n s l e r & N i c h o l s 
1981) . C h i c k m o r t a l i t y k3 was d e t e r m i n e d as - l o g S f o r t h e 
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s i x y e a r s (1986, 1988-1992) w h e r e more t h a n 40 c h i c k - d a y s 
o f d a t a w e re o b t a i n e d . 
S h o o t i n g m o r t a l i t y k4 
S h o o t i n g m o r t a l i t y k4 e a c h y e a r was e s t i m a t e d f r o m t h e 
p r o p o r t i o n o f t h e woodcock r i n g e d a t W h i t w e l l Wood i n 
s p r i n g and known t o be a l i v e , t h a t were r e c o v e r e d e a c h 
w i n t e r (P) ( A p p e n d i x 6.2) . The number o f r i n g e d b i r d s a t 
r i s k e a c h w i n t e r was e s t i m a t e d u s i n g a c o n s t a n t a n n u a l 
a d u l t s u r v i v a l r a t e o f 0.58 ( C h a p t e r 2) and i t was assumed 
t h a t a l l t h e r e c o v e r i e s due t o s h o o t i n g w e re r e p o r t e d . 
S h o o t i n g m o r t a l i t y k4 was t h e n c a l c u l a t e d as - l o g ( l - P ) . I t 
was assumed t h a t b o t h s e x e s w e r e e q u a l l y s u s c e p t i b l e t o 
b e i n g s h o t . 
O v e r w i n t e r l o s s k5 
O v e r w i n t e r l o s s k5 due t o n a t u r a l f a c t o r s was 
d e t e r m i n e d f r o m t h e t o t a l o v e r w i n t e r l o s s (k4+k5) m i n u s t h e 
s h o o t i n g m o r t a l i t y k4. I t i n c l u d e d a l l t h e unknown n a t u r a l 
m o r t a l i t y o c c u r r i n g b e t w e e n t h e end o f t h e b r e e d i n g s e a s o n 
and t h e o n s e t o f n e s t i n g t h e f o l l o w i n g s p r i n g , as w e l l as 
i m m i g r a t i o n and e m i g r a t i o n (hence t h e t e r m o v e r w i n t e r l o s s 
as o p p o s e d t o m o r t a l i t y ) . 
T o t a l o v e r w i n t e r l o s s due t o s h o o t i n g a n d n a t u r a l 
l o s s e s (k4+k5) was c a l c u l a t e d as t h e d i f f e r e n c e b e t w e e n t h e 
e s t i m a t e d d e n s i t y o f f e m a l e s i n autumn (Aa+Y) e a c h y e a r (n) 
and t h e known s p r i n g f e m a l e d e n s i t y ( A s ) t h e f o l l o w i n g y e a r 
(n+1) : l o g (Aa+Y)-log (As) . The d e n s i t y o f a d u l t f e m a l e s i n 
t h e autumn o f y e a r n was e s t i m a t e d f r o m t h e s p r i n g f e m a l e 
d e n s i t y i n y e a r n, u s i n g a f e m a l e s u r v i v a l r a t e d u r i n g t h e 
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b r e e d i n g s e a s o n o f 0.68 ( H i r o n s 1 9 8 3 ) , t o w h i c h was a d d e d 
h a l f t h e number o f y o u n g woodcock f l e d g e d ( a s s u m i n g t h a t 
e q u a l p r o p o r t i o n s o f male and f e m a l e y o u n g were f l e d g e d ) . 
The number o f woodcock c h i c k s a t h a t c h i n g was known 
f o r 1 9 7 8 - 8 1 a n d 1985-92 and was e s t i m a t e d f o r 1982-84 u s i n g 
a c o n s t a n t c l u t c h s u r v i v a l ( i n c l u d i n g h a t c h i n g r a t e ) o f 
0.692. The number o f y o u n g woodcock f l e d g e d was e s t i m a t e d 
as t h e number a t h a t c h i n g m u l t i p l i e d b y t h e known r a t e s o f 
c h i c k s u r v i v a l f o r 1986 and 1988-92 and b y a c o n s t a n t 
s u r v i v a l o f 0.451 f o r t h e r e m a i n i n g y e a r s . I n some y e a r s , 
i m m i g r a t i o n e x c e e d e d n a t u r a l m o r t a l i t y and e m i g r a t i o n , a n d 
n e g a t i v e k v a l u e s w e re u s e d i n t h e s e c a s e s . 
The t o t a l a n n u a l m o r t a l i t y K was d e t e r m i n e d as t h e sum 
o f t h e i n d i v i d u a l m o r t a l i t i e s d u r i n g e a c h y e a r . The k e y 
f a c t o r a n a l y s i s was p e r f o r m e d b y p l o t t i n g e a c h o f t h e k 
v a l u e s as t h e d e p e n d e n t v a r i a b l e a g a i n s t t h e t o t a l 
m o r t a l i t y K ( P o d o l e r & R o g e r s 1 9 7 5 ) . The r e l a t i o n s h i p s 
b e t w e e n t h e i n d i v i d u a l m o r t a l i t y f a c t o r s and t h e l o g o f 
d e n s i t y b e f o r e t h e m o r t a l i t y o c c u r r e d were e x a m i n e d , 
a l t h o u g h t h e r e were i n s u f f i c i e n t d a t a f o r c h i c k m o r t a l i t y k3 
t o e n a b l e t h e r e g r e s s i o n s t o be u s e d t o t e s t f o r d e n s i t y 
d e pendence as d e s c r i b e d b y Southwood (1966) and I t o ( 1 9 7 2 ) . 
E r r o r s i n t h e e s t i m a t i o n o f d e n s i t y dependence f r o m p l o t s 
o f k v a l u e s a g a i n s t l o g i n i t i a l d e n s i t i e s a r i s e b e c a u s e 
t h e r e i s s e r i a l c o r r e l a t i o n b e t w e e n t h e p o p u l a t i o n s i z e s i n 
a s e r i e s o f y e a r s a n d so k a n d l o g i n i t i a l d e n s i t y a r e n o t 
i n d e p e n d e n t v a r i a b l e s . I n a d d i t i o n , t h e p o p u l a t i o n s i z e i s 
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e s t i m a t e d and t h e e r r o r s o f e s t i m a t i o n a r e n o t e q u a l f o r 
a l l s t a g e s o f t h e l i f e c y c l e (Kuno 1 9 7 1 ) . 
As a c h e c k on t h e r e l a t i o n s h i p b e t w e e n t h e d e n s i t y o f 
woodcock a t W h i t w e l l Wood i n s p r i n g a nd t h e p r o d u c t i o n o f 
y o u n g , b a g d a t a and age r a t i o s f r o m b i r d s t h a t were s h o t 
t h r o u g h o u t N E n g l a n d were e m p l o y e d t o exa m i n e t h e 
r e l a t i o n s h i p . These were o b t a i n e d f r o m t h e Game C o n s e r v a n c y 
T r u s t ' s N a t i o n a l Game Census ( r e g i o n s 7+8) a n d t h e B r i t i s h 
A s s o c i a t i o n f o r S h o o t i n g and C o n s e r v a t i o n ' s Woodcock 
P r o d u c t i o n S u r v e y r e s p e c t i v e l y f o r t h e y e a r s 1975-85. D a t a 
f o r N E n g l a n d were u s e d b e c a u s e t h e s e were l i k e l y t o be 
m o s t l y r e s i d e n t woodcock ( C h a p t e r 2) . N a t i o n a l d a t a c o u l d 
n o t be u s e d b e c a u s e o f t h e h i g h p r o p o r t i o n o f C o n t i n e n t a l 
woodcock w i n t e r i n g t h r o u g h o u t S E n g l a n d and Wales. 
The f i g u r e s f o r t h e p r o p o r t i o n o f r i n g e d woodcock f r o m 
W h i t w e l l Wood s h o t d u r i n g t h e w i n t e r s o f 1978/79-1985/86 
w e r e u s e d t o r e p r e s e n t t h e p r o p o r t i o n o f woodcock s h o t e a c h 
w i n t e r t h r o u g h o u t N E n g l a n d . A mean v a l u e o f 4% was u s e d 
f o r t h e w i n t e r s o f 1975/76-1977/78, and i n t h o s e y e a r s when 
no r i n g e d woodcock f r o m W h i t w e l l Wood were s h o t t h e 
p r o p o r t i o n f o r N E n g l a n d was t a k e n as 2%. As s h o o t i n g t a k e s 
p l a c e o n a p p r o x i m a t e l y 62.5% o f t h e l a n d s u r f a c e o f t h e UK 
( P i d d i n g t o n 1981) , i t was e s t i m a t e d t h a t t h e p r o p o r t i o n o f 
woodcock s h o t on t h e a r e a on w h i c h s h o o t i n g t o o k p l a c e i n 
N E n g l a n d was e q u i v a l e n t t o 16%. The d e n s i t y o f woodcock 
d u r i n g t h e autumn p r i o r t o s h o o t i n g was t h e n c a l c u l a t e d b y 
d i v i d i n g t h e bag/km 2 by 0.16. The d e n s i t y i n t h e s p r i n g 
f o l l o w i n g s h o o t i n g was e q u i v a l e n t t o t h e autu m n d e n s i t y 
l e s s t h e woodcock bag/km 2. The d e n s i t i e s o f a d u l t and y o u n g 
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woodcock i n t h e autumn were e s t i m a t e d b y m u l t i p l y i n g t h e i r 
p r o p o r t i o n s i n t h e b a g b y t h e t o t a l autumn d e n s i t y . The l o g 
s p r i n g d e n s i t y c a l c u l a t e d f r o m t h e woodcock b a g e a c h y e a r 
was t h e n p l o t t e d a g a i n s t t h e l o g o f t h e d e n s i t y o f y o u n g i n 
autumn c a l c u l a t e d f r o m t h e woodcock bag and y o u n g : o l d 
r a t i o i n t h e f o l l o w i n g y e a r . 
T h e r e w ere s e v e r a l d i f f i c u l t i e s and p o s s i b l e s o u r c e s 
o f e r r o r i n t h e k e y and k f a c t o r a n a l y s e s . The e s t i m a t e o f 
t h e number o f eggs l a i d e a c h y e a r was d e p e n d e n t on 
a s s u m p t i o n s a b o u t t h e number o f eggs i n n e s t s f o u n d a l r e a d y 
p r e d a t e d and t h e number o f eggs and t h e i r h a t c h i n g s u c c e s s 
f o r b r o o d s w here t h e n e s t was n o t f o u n d . Because t h e 
l o c a t i o n o f woodcock n e s t s and b r o o d s was n o t a p r i m a r y 
c o n c e r n d u r i n g 1978-1987, c o r r e c t i o n s were r e q u i r e d f o r t h e 
r e d u c e d s e a r c h i n g e f f o r t d u r i n g t h e s e y e a r s . These 
c o r r e c t i o n s w e r e s u b j e c t i v e e s t i m a t e s and hence t h e r e i s 
scope f o r s u b s t a n t i a l e r r o r i n t h e e s t i m a t e o f t h e number 
o f eggs l a i d e a c h y e a r . A n o t h e r p r o b l e m was i n e s t i m a t i n g 
c h i c k m o r t a l i t y k3, b e c a u s e r e l a t i v e l y f e w b r o o d s w e r e 
r e t r a p p e d e a c h y e a r and s u f f i c i e n t d a t a f o r an a n n u a l c h i c k 
s u r v i v a l r a t e e s t i m a t e w e re o n l y o b t a i n e d i n s i x y e a r s . The 
f a c t t h a t a n n u a l e s t i m a t e s o f c h i c k m o r t a l i t y k3 were n o t 
o b t a i n e d f o r 1978-85 and 1987 meant t h a t a c o n s t a n t mean 
v a l u e h a d t o be u s e d . As t h e v a l u e o f k3 was u s e d i n 
c a l c u l a t i n g t h e number o f y o u n g i n t h e autumn, t h i s w i l l 
a l s o h a ve p r o d u c e d an e r r o r i n t h e e s t i m a t e d s i z e o f t h e 
autumn p o p u l a t i o n a n d hence i n t h e v a l u e f o r o v e r w i n t e r 
l o s s k5 f o r t h e s e y e a r s . D u r i n g 1983-85, v e r y f e w r i n g e d 
woodcock were a t r i s k f r o m s h o o t i n g ( A p p e n d i x 6.2) a n d t h e 
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e s t i m a t e s o f s h o o t i n g m o r t a l i t y k4 f o r t h e s e y e a r s a r e 
r e l a t i v e l y i n a c c u r a t e . These i n a d e q u a c i e s i n t h e d a t a mean 
t h a t t h e r e s u l t s o f t h e k e y a n d k f a c t o r a n a l y s e s s h o u l d be 
t r e a t e d w i t h c a u t i o n . The p r e s e n t a n a l y s e s a r e b e s t v i e w e d 
as a means o f i d e n t i f y i n g t h e a r e a s r e q u i r i n g a d d i t i o n a l 
d a t a f o r r e l i a b l e f u t u r e a n a l y s e s . 
6.3.6 C o n s t r u c t i o n of a p o p u l a t i o n model 
A s i m p l e d e t e r m i n i s t i c model o f t h e b r e e d i n g woodcock 
p o p u l a t i o n a t W h i t w e l l Wood was c o n s t r u c t e d on t h e b a s i s o f 
t h o s e r e l a t i o n s h i p s b e t w e e n m o r t a l i t y f a c t o r s a n d t h e l o g 
o f d e n s i t y p r i o r t o t h e m o r t a l i t y t h a t were s i g n i f i c a n t . I n 
t h e c a s e s where t h e r e l a t i o n s h i p s were n o t s i g n i f i c a n t , 
mean v a l u e s f o r t h e m o r t a l i t y f a c t o r s w e r e u s e d . The 
a p p r o a c h was t o s t a r t t h e f i r s t y e a r w i t h a n a r b i t r a r y 
d e n s i t y o f b r e e d i n g f e m a l e woodcock a n d t o e s t i m a t e 
s u c c e s s i v e l y t h e number o f eggs t h e y l a i d a n d h a t c h e d , and 
t h e number o f y o u n g t h a t s u r v i v e d t o f l y i n g . H a l f t h e 
number o f y o u n g were a d d e d t o t h e f e m a l e s t h a t s u r v i v e d t h e 
b r e e d i n g s e a s o n and s h o o t i n g a n d w i n t e r l o s s e s w e r e 
s u b t r a c t e d t o g i v e t h e d e n s i t y o f f e m a l e s t h e f o l l o w i n g 
s p r i n g . 
The number o f b r e e d i n g f e m a l e s e a c h s p r i n g was 
e s t i m a t e d f r o m t h e number o f n e s t s and a d d i t i o n a l b r o o d s 
l o c a t e d e a c h y e a r ( A p p e n d i x 6 . 1 ) . N e s t s f o u n d f r e s h l y 
p r e d a t e d were i n c l u d e d b e c a u s e 80% o f t h e f e m a l e s whose 
f i r s t n e s t i n g a t t e m p t f a i l s move t o a d i f f e r e n t wood t o 
r e - n e s t ( H i r o n s 1983) a n d t h e r e was t h e r e f o r e l i t t l e c h a n c e 
o f f i n d i n g t w o n e s t s l a i d b y t h e same f e m a l e . N e s t s 
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i n i t i a t e d a f t e r 15 May o r b r o o d s e s t i m a t e d t o have b e e n 
f r o m n e s t s s t a r t e d a f t e r t h i s d a t e were e x c l u d e d , b e c a u s e 
t h e y were l i k e l y t o have c o n s t i t u t e d r e - n e s t i n g a t t e m p t s b y 
a d d i t i o n a l f e m a l e s whose f i r s t c l u t c h e s h a d f a i l e d i n o t h e r 
woods. I n t e n s i v e n e s t s e a r c h e s were c o n d u c t e d t h r o u g h o u t 
t h e b r e e d i n g s e a s o n i n 1988-92 a n d i t was assumed t h a t a l l 
t h e woodcock n e s t s i n W h i t w e l l Wood were f o u n d i n t h e s e 
y e a r s . The number o f n e s t s and a d d i t i o n a l b r o o d s f o u n d i n 
t h e e a r l i e r y e a r s was c o r r e c t e d a c c o r d i n g t o an a p p r o x i m a t e 
e s t i m a t e o f t h e s e a r c h e f f o r t e m p l o y e d ( A p p e n d i x 6 . 1 ) . 
Each f e m a l e was g i v e n t w o o p p o r t u n i t i e s t o r e a r a 
b r o o d , b u t b e c a u s e most o f t h e f e m a l e s t h a t l o s t t h e i r 
f i r s t c l u t c h e s w e re l i k e l y t o l e a v e t h e wood ( H i r o n s 1983) , 
i t was assumed t h a t t h e f e m a l e s t h a t l e f t w ere r e p l a c e d b y 
an e q u a l number o f f e m a l e s whose f i r s t c l u t c h e s had f a i l e d 
i n o t h e r woods. T h e r e was no e v i d e n c e f o r any age d e p e n d e n t 
e f f e c t s i n f e m a l e m o r t a l i t y k2, s h o o t i n g m o r t a l i t y k4 o r 
o v e r w i n t e r l o s s k5 a n d d i f f e r e n t i a l m o r t a l i t y w i t h r e s p e c t 
t o age has n o t be e n c o n s i d e r e d i n t h e m o d e l . The mean 
a n n u a l t o t a l f e m a l e m o r t a l i t y was s u c h t h a t e a c h b i r d o n l y 
s u r v i v e d f o r t w o y e a r s i n t h e m o d e l , so t h a t age d e p e n d e n t 
e f f e c t s w o u l d n o t be i m p o r t a n t . 
The m o d e l was f i r s t r u n t o e q u i l i b r i u m a nd was t h e n 
u s e d t o p r e d i c t t h e s i z e o f t h e s p r i n g woodcock p o p u l a t i o n 
a t W h i t w e l l Wood e a c h y e a r when g i v e n v a l u e s f o r t h e 
o v e r w i n t e r l o s s k5. As i m m i g r a t i o n o c c u r r e d a t W h i t w e l l Wood 
i n some y e a r s , i t was s i m u l a t e d b y u s i n g n e g a t i v e v a l u e s o f 
o v e r w i n t e r l o s s k5. V a l i d a t i o n , t h e q u a n t i t a t i v e c o m p a r i s o n 
o f o u t p u t f r o m t h e model w i t h i n d e p e n d e n t o b s e r v e d r e s u l t s 
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( J e f f e r s 1978, C a r t e r e t al. 1 9 8 2 ) , was n o t p o s s i b l e w i t h 
t h e woodcock model b e c a u s e no f u r t h e r d a t a w e re o b t a i n e d . 
Hence mod e l t e s t i n g o n l y i n v o l v e d c h e c k i n g t h e e q u a t i o n s 
and mean v a l u e s u s e d i n e a c h s t e p o f t h e c a l c u l a t i o n o f t h e 
new s p r i n g p o p u l a t i o n . The model was u s e d t o d e t e r m i n e t h e 
maximum s u s t a i n a b l e y i e l d f o r t h e woodcock p o p u l a t i o n a t 
W h i t w e l l Wood. I m m i g r a t i o n c o u l d n o t be a l l o w e d t o m a i n t a i n 
t h e s u s t a i n a b l e y i e l d a nd t h e o v e r w i n t e r l o s s k5 was 
c o n s t r a i n e d t o a minimum v a l u e o f z e r o . The maximum 
s u s t a i n a b l e y i e l d was e s t i m a t e d f r o m t h e s p r i n g d e n s i t y o f 
f e m a l e s a n d t h e y i e l d ( s h o o t i n g bag) a f t e r t h e model was 
r u n f o r 20 g e n e r a t i o n s w i t h a r a n g e o f s h o o t i n g m o r t a l i t y k4 
v a l u e s b e t w e e n 0% a n d 50%. A f i x e d p e r i o d o f 20 g e n e r a t i o n s 
was u s e d i n t h e s i m u l a t i o n s b e c a u s e a p p r o x i m a t e l y 60 
g e n e r a t i o n s w e re r e q u i r e d t o r e a c h e q u i l i b r i u m once more 
t h a n 25% o f t h e autumn f e m a l e p o p u l a t i o n was h a r v e s t e d . 
The e f f e c t o f a c o l d w e a t h e r ban on s h o o t i n g was 
i n v e s t i g a t e d u s i n g t h e model b y i m p o s i n g a h i g h o v e r w i n t e r 
l o s s f o r one y e a r a n d d e t e r m i n i n g t h e t i m e t o r e c o v e r y t o 
t h e e q u i l i b r i u m d e n s i t y . The a n n u a l s u r v i v a l r a t e d u r i n g 
t h e y e a r w h i c h i n c l u d e d t h e 1962/63 w i n t e r , t h e c o l d e s t i n 
E n g l a n d f o r 223 y e a r s , was 0.34 ( P o t t s & H i r o n s 1983) and 
t h u s t h e o v e r w i n t e r l o s s k5 was s e t t o 50% ( 6 8 % f e m a l e 
s u r v i v a l d u r i n g t h e b r e e d i n g s e a s o n ) . The s p r i n g f e m a l e 
d e n s i t y f o l l o w i n g t h e s e v e r e w i n t e r was d e t e r m i n e d w i t h and 
w i t h o u t s h o o t i n g d u r i n g t h e w i n t e r . The t w o most e x t r e m e 
o u t c o m e s were s i m u l a t e d b y a s s u m i n g t h a t no bag was t a k e n 
when t h e s i m u l a t e d ban was i m p o s e d and t h a t a l l t h e 
s h o o t i n g h a d t a k e n p l a c e b e f o r e t h e s e v e r e w i n t e r w e a t h e r 
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when s h o o t i n g was p e r m i t t e d . The model was r u n t o 
e q u i l i b r i u m s p r i n g f e m a l e d e n s i t y b e f o r e and a f t e r t h e y e a r 
o f t h e s e v e r e w i n t e r w i t h s h o o t i n g m o r t a l i t y k4 s e t t o 4%. 
The s i m u l a t i o n was r e p e a t e d w i t h t h e s h o o t i n g m o r t a l i t y s e t 
t o 10% a n d t h e n 20%. 
I t i s p o s s i b l e t h a t t h e p r o p o r t i o n o f woodcock s h o t 
m i g h t i n c r e a s e as a r e s u l t o f c o l d w e a t h e r , b u t t h i s e f f e c t 
was n o t c o n s i d e r e d i n t h e s i m u l a t i o n s b e c a u s e P o t t s & 
H i r o n s (1983) showed i t t o be s m a l l and n o t s t a t i s t i c a l l y 
s i g n i f i c a n t . I t i s u n l i k e l y t h a t t h e p r o p o r t i o n o f b i r d s 
s h o t i n c r e a s e s i n woodcock i n t h e same manner as f o r 
w i l d f o w l b e c a u s e woodcock a r e s o l i t a r y b i r d s a n d do n o t 
o c c u r i n l a r g e c o n c e n t r a t i o n s on f r o s t - f r e e p a t c h e s e x c e p t 
v e r y o c c a s i o n a l l y a t n i g h t . U n l i k e w i l d f o w l , woodcock 
c a n n o t be a t t r a c t e d t o p a r t i c u l a r a r e a s b y t h e p r o v i s i o n o f 
s u p p l e m e n t a r y f o o d . 
6.4 RESULTS 
6.4.1 A d u l t f i d e l i t y t o the b r e e d i n g s i t e 
D u r i n g 1 9 7 8 - 1 9 9 1 , a t o t a l o f 226 f u l l - g r o w n woodcock 
were r i n g e d a t W h i t w e l l Wood b e t w e e n 2 5 F e b r u a r y a n d 
3 0 J u n e . Of t h e s e , 2 0 ( 9 % ) were r e c o v e r e d d e a d d u r i n g t h e 
b r e e d i n g s e a s o n ( 1 M a r c h - 3 1 J u l y ) , 16 ( 8 0 % o f t h o s e 
r e c o v e r e d ) w i t h i n W h i t w e l l Wood. Two o f t h e f o u r o t h e r 
b i r d s w e r e r e c o v e r e d 8km a n d 9km away d u r i n g June and J u l y 
o f t h e same s e a s o n a n d p r o b a b l y r e p r e s e n t e d f e m a l e s t h a t 
moved a f t e r l o s i n g t h e i r f i r s t c l u t c h e s a t W h i t w e l l Wood. 
The r e m a i n i n g t w o b i r d s were r e c o v e r e d i n Sweden and 
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E s t o n i a l a t e r i n t h e same y e a r . B o t h w ere r i n g e d e a r l y i n 
t h e s e a s o n (16 M a r c h and 26 March) and were c l e a r l y m i g r a n t 
b i r d s p a s s i n g t h r o u g h W h i t w e l l Wood on t h e i r way b a c k t o 
t h e i r C o n t i n e n t a l b r e e d i n g a r e a s . 
N i n e t y - t h r e e o f t h e woodcock m a r k e d a t W h i t w e l l Wood 
d u r i n g 1 9 7 8 - 1 9 9 1 were r i n g e d d u r i n g 25 F e b r u a r y - 3 1 M a r c h 
and 133 w e r e r i n g e d d u r i n g 1 A p r i l - 3 0 J u n e . T w e n t y - o n e o f 
t h e s e r i n g e d b i r d s were r e c o v e r e d d u r i n g t h e same s e a s o n , 
n i n e ( 1 0%) o f w h i c h had been r i n g e d p r i o r t o 1 A p r i l a n d 12 
( e q u i v a l e n t t o 12% when c o r r e c t e d f o r e x p o s u r e t i m e ) o f 
w h i c h h a d b e e n r i n g e d o n o r a f t e r 1 A p r i l . The d i f f e r e n c e 
i n t h e p r o p o r t i o n s o f e a c h g r o u p r e c a p t u r e d was n o t 
s i g n i f i c a n t ( d = 0 . 4 3 ) . F o r t y - t w o o f t h e woodcock w e r e 
r e c a p t u r e d i n s u b s e q u e n t b r e e d i n g s e a s o n s , 15 ( 1 6 % ) a n d 27 
(20%) r e s p e c t i v e l y f r o m t h e b i r d s r i n g e d b e f o r e a n d a f t e r 1 
A p r i l . The d i f f e r e n c e i n t h e p r o p o r t i o n r e c a p t u r e d i n l a t e r 
y e a r s was n o t s i g n i f i c a n t ( d = 0 . 8 0 ) . These r e s u l t s s u g g e s t 
t h a t t h e r e were o n l y r e l a t i v e l y s m a l l numbers o f 
C o n t i n e n t a l woodcock p a s s i n g t h r o u g h W h i t w e l l Wood d u r i n g 
M a r c h . 
E i g h t e e n o f t h e woodcock r i n g e d as f u l l - g r o w n b i r d s a t 
W h i t w e l l Wood d u r i n g t h e b r e e d i n g s e a s o n were r e c o v e r e d i n 
w i n t e r ( 1 O c t o b e r - 2 8 F e b r u a r y ) . Of t h e s e 15 ( 8 3 % ) w e r e 
w i t h i n 15km o f W h i t w e l l Wood. The t h r e e o t h e r s w e r e 
r e c o v e r e d i n N Y o r k s h i r e (54km) a n d S I r e l a n d (330km a n d 
530km), b u t t h e r e was no s u g g e s t i o n t h a t t h e s e movements 
were c a u s e d b y c o l d w e a t h e r . A l l e x c e p t one o f t h e b i r d s 
w e r e s h o t . 
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6.4.2 A d u l t s u r v i v a l d u r i n g t h e b r e e d i n g s e a s o n 
S u r v i v a l d a t a w e re o b t a i n e d f o r a t o t a l o f 24 
r a d i o t a g g e d woodcock a t W h i t w e l l Wood d u r i n g 1986 a n d 1992. 
D u r i n g 535 b i r d - d a y s one b i r d d i e d , g i v i n g a d a i l y s u r v i v a l 
r a t e o f 0.9981 (0.9927-1.0000 95% c l ) b y t h e B a r t & 
Robson (1982) e s t i m a t o r . T a k i n g t h e b r e e d i n g s e a s o n as 
1 M a r c h t o 3 1 J u l y , t h i s i s e q u i v a l e n t t o an a d u l t s u r v i v a l 
o f 0.751 (0.325-1.000 9 5 % c l ) d u r i n g b r e e d i n g . C o n s i d e r i n g 
t h a t t h e sample o f r a d i o t a g g e d woodcock c o n s i s t e d l a r g e l y 
o f m a l e s , t h i s e s t i m a t e i s s i m i l a r t o t h o s e o f 0.76 m a l e 
s u r v i v a l a n d 0.6 8 f e m a l e s u r v i v a l d u r i n g t h e b r e e d i n g 
s e a s o n c a l c u l a t e d b y H i r o n s ( 1 9 8 3 ) . 
Of t h e 16 r i n g e d woodcock r e c o v e r e d a t W h i t w e l l Wood 
and t h e t w o r e c o v e r e d w i t h i n 10km d u r i n g t h e b r e e d i n g 
s e a s o n , t h e cause o f d e a t h was e s t a b l i s h e d f o r 11 b i r d s . 
One was h i t b y a c a r , a n d t h e t e n o t h e r b i r d s w e r e 
p r e d a t e d , t h r e e b y f o x e s Vulpes vulpes, t w o b y s t o a t s 
Mustela erminea, t h r e e b y s p a r r o w h a w k s Accipiter nisus and 
tw o b y t a w n y o w l s Strix aluco. 
6.4.3 T i m i n g of b r e e d i n g and d u r a t i o n of t h e i n c u b a t i o n 
p e r i o d 
F i r s t egg d a t e s (n=218) f r o m t h e BTO n e s t r e c o r d c a r d s 
r a n g e d f r o m 8 M a r c h t o 21 J u l y , w i t h a peak i n egg l a y i n g 
d u r i n g e a r l y A p r i l ( F i g u r e 6.2) . The mean f i r s t egg d a t e 
was 18 A p r i l a n d t h e r e was no e v i d e n c e o f a b i m o d a l 
d i s t r i b u t i o n i n egg l a y i n g . Egg l a y i n g commenced l a t e r i n 
N E n g l a n d t h a n i n c e n t r a l a n d S E n g l a n d and l a t e r s t i l l i n 
S c o t l a n d , as r e v e a l e d b y a s i g n i f i c a n t K r u s k a l - W a l l i s t e s t 
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F i g u r e 6.2 D i s t r i b u t i o n o f f i r s t egg d a t e s i n t h e woodcock, 
b a s e d on BTO n e s t r e c o r d c a r d s f o r 1945-1989 (n=218), 
p r e s e n t e d a s t h e f r e q u e n c y d u r i n g t e n day i n t e r v a l s a f t e r 
1 March. 
P e r c e n t 
n e s t s 
18 
8 
8 6 106 >110 
M a r c h D a y s 
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(X 2=7.75, d f = 2 , p < 0 . 0 5 ) . The mean f i r s t - e g g d a t e s w e r e ; 
c e n t r a l a n d S E n g l a n d , 14 A p r i l ±2.8 d a y s (±se, n = 8 6 ) , 
N E n g l a n d , 18 A p r i l ±3.4 d a y s (±se, n=67) a n d S c o t l a n d , 
25 A p r i l ±3.2 days (±se, n = 6 5 ) . 
C l u t c h s i z e i n t h e n e s t r e c o r d c a r d d a t a r a n g e d f r o m 
t w o t o f i v e eggs a n d a v e r a g e d 3.89 eggs (n=277 n e s t s ) . Eggs 
were u s u a l l y l a i d on c o n s e c u t i v e d a y s o r , l e s s f r e q u e n t l y , 
on a l t e r n a t e d a y s . The mean l a y i n g i n t e r v a l f o r e i g h t n e s t s 
f o r w h i c h t h e e n t i r e l a y i n g p e r i o d was o b s e r v e d was 
1.3 7 d a y s , g i v i n g an a v e r a g e l a y i n g p e r i o d o f 4.1 d a y s f o r 
a c l u t c h o f f o u r eggs. T h e r e w e r e 15 a c c u r a t e r e c o r d s o f 
t h e i n c u b a t i o n p e r i o d ; one o f 17 d a y s , one o f 19 d a y s , 
t h r e e o f 2 1 d a y s , t h r e e o f 22 d a y s , f i v e o f 23 d a y s and t w o 
o f 24 d a y s , g i v i n g a mean o f 21.9 d a y s . 
6.4.4 D a i l y r a t e of n e s t l o s s 
The d a i l y r a t e s o f n e s t l o s s d u r i n g e g g l a y i n g a n d 
d u r i n g i n c u b a t i o n were 0.035±0.030 (±95% c l , n=144 n e s t -
d a y s ) a n d 0.031±0.006 (±95% c l , n=2,906 n e s t - d a y s ) 
r e s p e c t i v e l y . These r a t e s were n o t s i g n i f i c a n t l y d i f f e r e n t 
( z=0.26 N.S.). D a i l y r a t e s o f n e s t l o s s due t o d e s e r t i o n 
and p r e d a t i o n d u r i n g egg l a y i n g a n d i n c u b a t i o n c o m b i n e d 
were s i m i l a r ; 0.013±0.004 (±95% c l ) a n d 0.018±0.005 
(±95% c l ) r e s p e c t i v e l y , z = 1.76 N.S. N e s t s e a r c h i n g d i d n o t 
a p p e a r t o a f f e c t c l u t c h s u r v i v a l , as t h e r e was no e v i d e n c e 
o f a n i n c r e a s e d r a t e o f n e s t d e s e r t i o n o r t o t a l n e s t l o s s 
i m m e d i a t e l y a f t e r n e s t s were f o u n d ( T a b l e 6 . 1 ) . 
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T a b l e 6.1 E s t i m a t e d d a i l y r a t e s o f n e s t l o s s (±95% c l ) i n 
r e l a t i o n t o days a f t e r w h i c h n e s t s were f o u n d d u r i n g t h e 
i n c u b a t i o n p e r i o d . 
1-5 days 6-22 d a y s 
No. o f n e s t - d a y s 1,386 942 
R a t e o f d e s e r t i o n 0.010 ±0.005 0.013 ±0.007 z=0.66 N.S. 
R a t e o f o t h e r l o s s 0.017 ±0.007 0.024 ±0.010 z=1.15 N.S. 
T o t a l r a t e o f l o s s 0.027 ±0.008 0.037 ±0.012 z=1.33 N.S. 
L o s s e s due t o d e s e r t i o n were l a r g e l y a t t r i b u t a b l e t o 
man, e i t h e r t h r o u g h a c c i d e n t a l f l u s h i n g o f s i t t i n g b i r d s o r 
t h r o u g h d i s t u r b a n c e c a u s e d b y f o r e s t r y a c t i v i t i e s . I t i s 
l i k e l y t h a t some o f t h e l o s s e s r e c o r d e d as d e s e r t i o n w e re 
due t o p r e d a t i o n o f t h e f e m a l e away f r o m t h e n e s t . O t h e r 
l o s s e s w e re m a i n l y c a u s e d b y p r e d a t i o n , a l t h o u g h t h e 
i d e n t i t y o f t h e p r e d a t o r was r a r e l y r e c o r d e d . Of t h e 
p r e d a t o r s t h a t were r e p o r t e d , j a y s Garrulus garrulus, c r o w s 
Corvus corone, woodmice Apodemus sylvaticus, and hedgehogs 
Erinaceus europaeus were r e s p o n s i b l e f o r egg p r e d a t i o n , 
f o x e s a n d s t o a t s f o r t a k i n g b o t h t h e p a r e n t b i r d a n d eggs, 
and t a w n y o w l s f o r k i l l i n g t h e f e m a l e . 
I n s u f f i c i e n t n e s t s were f o u n d d u r i n g e g g - l a y i n g a t 
W h i t w e l l Wood t o e n a b l e e s t i m a t e s o f m o r t a l i t y a n d s u r v i v a l 
r a t e t o be c a l c u l a t e d , b u t o f t h e f i v e n e s t s t h a t were 
f o u n d d u r i n g t h i s s t a g e , t h r e e w e re d e s e r t e d a n d one was 
p r e d a t e d . S i x t y - o n e n e s t s w e re m o n i t o r e d d u r i n g i n c u b a t i o n 
a t W h i t w e l l Wood and t h e d a i l y r a t e o f n e s t l o s s was 
0.025±0.011 (±95% c l ) ( T a b l e 6 . 2 ) . T h i s r a t e i s s l i g h t l y 
l o w e r b u t n o t s i g n i f i c a n t l y d i f f e r e n t (z = 0.93) f r o m t h a t 
c a l c u l a t e d f o r B r i t a i n as a w h o l e f r o m t h e BTO n e s t r e c o r d 
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c a r d s . T h e r e was no d i f f e r e n c e i n t h e d a i l y r a t e o f n e s t 
l o s s b e t w e e n 1978-1988 and 1989-1992 ( T a b l e 6 . 2 ) . 
T a b l e 6.2 D a i l y r a t e s o f n e s t l o s s i n woodcock a t W h i t w e l l 
Wood d u r i n g 1978-1992. 
Y e a r s N e s t - d a y s D a i l y r a t e o f 
n e s t l o s s 
(±95% c l ) 
S i g n i f i c a n c e 
1978-1988 
1989-1992 
T o t a l 
494.5 0.026 ±0.014 
304 0.023 +0.017 
798.5 0.025 ±0.011 
— z=0.29 N.S 
Ten n e s t l o s s e s a t W h i t w e l l Wood c o u l d be a t t r i b u t e d 
t o p a r t i c u l a r p r e d a t o r s due t o t h e manner i n w h i c h t h e eggs 
w e r e b r o k e n o r t h e l o c a t i o n s w h ere r a d i o t a g g e d hens were 
r e c o v e r e d . F o u r c l u t c h e s p l u s one hen were l o s t t o f o x e s , 
one c l u t c h p l u s h en t o a s t o a t o r r a t Rattus norvegicus, 
one c l u t c h t o a g r e y s q u i r r e l Sciurus carolinensis and t w o 
c l u t c h e s t o c o r v i d s ( p r o b a b l y j a y s ) . Two hens were k i l l e d , 
one b y a s p a r r o w h a w k and t h e o t h e r b y a t a w n y o w l . The 
f e m a l e t a k e n b y t h e s p a r r o w h a w k was k i l l e d a s h o r t d i s t a n c e 
f r o m t h e n e s t w h i l s t f e e d i n g . I n t h e c a s e o f t h e b i r d 
k i l l e d b y t h e t a w n y o w l , t h e f e m a l e was t a k e n o f f t h e n e s t 
and l a t e r f o u n d i n an o w l box. 
D a i l y r a t e s o f n e s t l o s s f r o m t h e n e s t r e c o r d c a r d 
d a t a w e re e x a m i n e d w i t h r e s p e c t t o r e g i o n a n d t i m e p e r i o d , 
u s i n g t h e d a t a f o r egg l a y i n g a n d i n c u b a t i o n c o m b i n e d . The 
r a t e s i n c e n t r a l a nd S E n g l a n d , N E n g l a n d a n d S c o t l a n d w e r e 
s i m i l a r ( T a b l e 6 . 3 ) . The r a t e o f n e s t l o s s was l o w e r d u r i n g 
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t h e p e r i o d 1980-89 t h a n d u r i n g 1970-79 o r 1945-69, t h e 
d i f f e r e n c e b e t w e e n 1980-89 a n d 1970-79 b e i n g s t a t i s t i c a l l y 
s i g n i f i c a n t ( T a b l e 6 . 3 ) . 
T a b l e 6.3 R e g i o n a l a n d t e m p o r a l d i f f e r e n c e s i n d a i l y r a t e s 
o f w o odcock n e s t l o s s d u r i n g t h e n e s t i n g p e r i o d , c a l c u l a t e d 
f r o m BTO n e s t r e c o r d c a r d s f o r 1945-1989. 
N e s t - D a i l y r a t e o f 
d a y s n e s t l o s s 
(±95% c l ) 
S i g n i f i c a n c e 
C e n t r a l & 
S E n g l a n d 1358 
N E n g l a n d 902 





z = 0.12 N.S. 
z=0.39 N.S. 
1945-69 1072.5 0.034 ±0.011—i 
1970-79 923.5 0.038 ±0.012— 
1980-89 1054 0.021 + 0 . 0 0 9 — 
z=0.48 N.S. 
z=2.22 p<0.05 
z = l .83 N.S 
6.4.5 A n n u a l r a t e of c h i c k p r o d u c t i o n 
The d a i l y r a t e o f l o s s d u r i n g egg l a y i n g s u g g e s t s t h a t 
a c l u t c h o f f o u r eggs t a k i n g f o u r d a y s t o c o m p l e t e 
( s e c t i o n 6.4.3) w o u l d have a p r o b a b i l i t y o f 0.87 o f 
s u r v i v i n g t h e l a y i n g p e r i o d . D u r i n g t h e 22 day i n c u b a t i o n 
p e r i o d t h e d a i l y r a t e o f n e s t l o s s f r o m t h e n e s t r e c o r d 
c a r d s s u g g e s t s t h a t 0.50 n e s t s s u r v i v e d t o h a t c h and t h a t 
f r o m t h e n e s t s o b s e r v e d a t W h i t w e l l Wood t h a t 0.57 n e s t s 
s u r v i v e d t o h a t c h . The p r o b a b i l i t y o f an a v e r a g e c l u t c h 
s u r v i v i n g f r o m t h e day t h e f i r s t egg was l a i d u n t i l 
h a t c h i n g i s t h e r e f o r e 0.44 f o r t h e n e s t r e c o r d c a r d d a t a 
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a n d 0.50 f o r W h i t w e l l Wood. Many woodcock w i l l r e - n e s t 
a f t e r t h e l o s s o f a c l u t c h , b u t p r o b a b l y o n l y a t t e m p t t o do 
so o n c e . A s s u m i n g t h a t e a c h h e n c a n make t w o n e s t i n g 
a t t e m p t s b u t t h a t e a c h w i l l o n l y r a i s e a s i n g l e b r o o d p e r 
y e a r , i t i s p o s s i b l e t o c a l c u l a t e t h e p r o p o r t i o n o f hens 
h a t c h i n g a b r o o d o f c h i c k s p e r y e a r b y c o n s i d e r i n g t h e 
b r e e d i n g s e a s o n as two c o n s e c u t i v e 3 0 day p e r i o d s , t h e 
f i r s t commencing on 18 A p r i l ( t h e mean f i r s t e g g d a t e ) . 
T a k i n g t h e d a i l y s u r v i v a l o f woodcock hens as 0.9975, b a s e d 
on H i r o n s 1 (1983) e s t i m a t e o f s u r v i v a l d u r i n g t h e b r e e d i n g 
s e a s o n ( 1 M a r c h - 3 1 J u l y ) o f 0.68, and a s s u m i n g t h a t t h e 
r a t e o f n e s t l o s s r e m a i n e d c o n s t a n t t h r o u g h o u t t h e b r e e d i n g 
s e a s o n , i t c a n be e s t i m a t e d t h a t b e t w e e n 65% ( n e s t r e c o r d 
c a r d s ) and 7 1 % ( W h i t w e l l Wood) o f t h e hens a l i v e on 
18 A p r i l w o u l d have p r o d u c e d a b r o o d o f c h i c k s ( T a b l e 6.4) . 
T h i s i s e q u i v a l e n t t o 75%-83% o f t h e hens s u r v i v i n g t h e 60 
day b r e e d i n g p e r i o d . 
T a b l e 6.4 A n n u a l b r o o d p r o d u c t i o n b y woodcock h e n s , b a s e d 
on d a t a f r o m BTO n e s t r e c o r d c a r d s and f r o m W h i t w e l l Wood. 
Days a f t e r Number o f P e r c e n t a g e P e r c e n t a g e 
1 M a r c h hens a l i v e o f hens o f hens 
a t t e m p t i n g p r o d u c i n g 
t o n e s t a b r o o d 
BTO W h i t w e l l BTO W h i t w e l l 
Wood Wood 
48-78 100 100 100 43.5 49.7 
79-109 92 . 8 49.3 4 3 . 1 21.4 21.4 
Number o f hens P e r c e n t a g e 
s u r v i v i n g 8 6 .1 p r o d u c i n g 64.9 7 1 . 1 
a b r o o d 
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P r e v i o u s s t u d i e s o f n e s t i n g woodcock (Morgan & 
S h o r t e n 1974) have s i m p l y r e c o r d e d t h e p r o p o r t i o n o f t h e 
n e s t s f o u n d which produced a brood, r e g a r d l e s s o f t h e stage 
o f l a y i n g o r i n c u b a t i o n when f i r s t found. W i t h t h e n e s t 
r e c o r d c a r d d a t a , t h e p r o p o r t i o n o f n e s t s h a t c h i n g f r o m t h e 
317 n e s t s f o r which t h e outcomes were known gave a 
m i s l e a d i n g l y h i g h e s t i m a t e o f c l u t c h s u r v i v a l (Table 6.5) . 
However, t h e t a b l e a g a i n shows t h a t d e s e r t i o n was an 
i m p o r t a n t cause o f nes t f a i l u r e , a c c o u n t i n g f o r 46% o f a l l 
n e s t l o s s e s . 
Table 6.5 Fates o f woodcock n e s t s from BTO n e s t r e c o r d 
c a r d s f o r whic h t h e outcomes were known. 
Fate o f n e s t Number % o f n e s t s 
o f n e s t s f o r whic h 
outcome known 
D e s e r t e d 58 18.3% 
Pr e d a t e d / n e s t empty 68 (41+27) 21.4% 
Hatched >1 young 191 60.3% 
The f a t e s o f 933 eggs were known from t h e 277 n e s t s 
where t h e c l u t c h s i z e was d e t e r m i n e d a c c u r a t e l y . I n a l l , 
74.1% o f t h e eggs s u r v i v e d i n c u b a t i o n and o f these 7.2% 
were a d d l e d o r damaged by t h e p a r e n t b i r d ( e q u i v a l e n t t o 
5.4% o f t h e eggs a t t h e s t a r t o f i n c u b a t i o n ) . At W h i t w e l l 
Wood, 2 0 broods were found w i t h i n a day o f h a t c h i n g such 
t h a t t h e number o f c h i c k s and t h e number o f hatched egg-
s h e l l s c o u l d be counted. 79 eggs y i e l d e d 73 c h i c k s : t h r e e 
eggs were i n f e r t i l e , two c h i c k s were found dead i n t h e i r 
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s h e l l s and one egg was damaged by t h e p a r e n t b i r d . 
M o r t a l i t y a t t h i s stage was t h e r e f o r e 7.6%; a f i g u r e v e r y 
s i m i l a r t o t h a t c a l c u l a t e d from t h e BTO n e s t r e c o r d c a r d s . 
6.4.6 Chick s u r v i v a l and annual production of fledged young 
No i n f o r m a t i o n was a v a i l a b l e on t h e s u r v i v a l o f 
woodcock c h i c k s from the nest r e c o r d c a r d d a t a b u t a t o t a l 
o f 37 broods were r e c a p t u r e d a t W h i t w e l l Wood. T h i s y i e l d e d 
d a t a f o r 1211 c h i c k - d a y s and suggested a d a i l y r a t e o f 
c h i c k m o r t a l i t y o f 0.039±0.011 (±95% c l ) (Table 6.6). T h i s 
f i g u r e s h o u l d be t r e a t e d w i t h c a u t i o n because i t i s l i k e l y 
t h a t c h i c k m o r t a l i t y was h i g h e r d u r i n g t h e f i r s t 3-4 days 
u n t i l t h e c h i c k s were a b l e t o t h e r m o r e g u l a t e . I f t r u e , t h i s 
v i o l a t e s t h e assumption o f a c o n s t a n t m o r t a l i t y r a t e d u r i n g 
t h e p e r i o d from h a t c h i n g t o f l e d g i n g r e q u i r e d f o r t h e 
c a l c u l a t i o n o f c h i c k m o r t a l i t y by t h e M a y f i e l d (1961, 1975) 
method. Chick m o r t a l i t y was s i g n i f i c a n t l y h i g h e r d u r i n g 
1978-1988 t h a n d u r i n g 1989-1992, b u t t h e d a t a f o r 1978-1988 
were o n l y based on t e n broods and p r o b a b l y do n o t p r o v i d e a 
r e l i a b l e e s t i m a t e o f c h i c k m o r t a l i t y . E x a m i n a t i o n o f t h e 
1989-1992 d a t a w i t h r e s p e c t t o summers o f normal r a i n f a l l 
(1989 and 1990) and v e r y low r a i n f a l l (1991 and 1992) 
suggested t h a t c h i c k m o r t a l i t y was r e l a t i v e l y h i g h d u r i n g 
d r y summers, a l t h o u g h t h e d i f f e r e n c e was n o t s i g n i f i c a n t : 
1989+1990, 0.025±0.011 (+95% c l , n=766.5 c h i c k days) and 
1991+1992, 0.056+0.040 (±95% c l , n=125.5 c h i c k d a y s ) ; 
z=1.46 N.S. The o v e r a l l d a i l y r a t e o f c h i c k m o r t a l i t y 
suggests t h a t t h e mean c h i c k s u r v i v a l d u r i n g t h e 20 day 
p e r i o d u n t i l f l e d g i n g was 0.451. 
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Table 6.6 D a i l y r a t e s o f woodcock c h i c k l o s s a t W h i t w e l l 
Wood d u r i n g 1978-1992. 
Years Chick D a i l y r a t e o f 
-days c h i c k l o s s 
(±95% c l ) 
S i g n i f i c a n c e 
1978-1988 319 0.066 ±0.029 
1989-1992 892 0.029 ±0.011 
T o t a l 1211 0.039 ±0.011 
— z=2.45 p<0.05 
The mean p r o d u c t i o n o f f l e d g e d young per b r e e d i n g 
female a c c o r d i n g t o t h e BTO n e s t r e c o r d c a r d d a t a and t h e 
da t a from W h i t w e l l Wood was d e t e r m i n e d by m u l t i p l y i n g t h e 
p r o b a b i l i t i e s o f s u r v i v a l a t each o f t h e component stages 
(Table 6.7). T h i s gave v a l u e s f o r t h e mean number o f 
f l e d g e d young per female of 1.14 and 1.23 f o r t h e d a t a f r o m 
t h e n e s t r e c o r d cards and from W h i t w e l l Wood r e s p e c t i v e l y . 
These f i g u r e s were e q u i v a l e n t t o mean f l y i n g b r ood s i z e s 
f o r t h e n e s t r e c o r d c a r d d a t a and f o r W h i t w e l l Wood 
r e s p e c t i v e l y o f 1.74 young and 1.71 young p e r female t h a t 
s u c c e s s f u l l y produced a brood. 
Table 6.7 Annual p r o d u c t i o n o f f l e d g e d young per b r e e d i n g 
female woodcock. 
Mean S u r v i v a l Egg Chick Mean no. 
c l u t c h d u r i n g f e r t i l i t y s u r v i v a l o f f l e d g e d 
s i z e i n c u b a t i o n * young 
Nest 
r e c o r d 3.89 0.701 0.928 0.451 1.14 
cards 
W h i t w e l l 3.95 0.747 0.924 0.451 1.23 
Wood 
* A l l o w i n g f o r one r e - n e s t i n g a t t e m p t . 
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6.4.7 Growth of woodcock c h i c k s 
A t o t a l o f 162 woodcock c h i c k s were observed a t 
h a t c h i n g and 59 o f these were r i n g e d d u r i n g t h e i r f i r s t 
12 hours. N i n e t y - s i x c h i c k s were r e c a p t u r e d on 144 
o c c a s i o n s 2-30 days l a t e r . The mean b i l l l e n g t h on t h e day 
o f h a t c h i n g was 16.2+0.1mm (±se, n=51) and t h e mean w e i g h t 
was 19.2±0.3g (±se, n=51). Both b i l l l e n g t h and w e i g h t 
decreased s i g n i f i c a n t l y between day 0 and day 1 and 
i n c r e a s e d s i g n i f i c a n t l y between day 1 and day 2 
(Table 6.8). 
Table 6.8 Changes i n t h e b i l l l e n g t h and w e i g h t o f woodcock 
c h i c k s d u r i n g t h e f i r s t t h r e e days o f l i f e . 
D i f f e r e n c e s between days t e s t e d by one-way ANOVAs. None o f 
t h e c h i c k s measured on t h e t h r e e days were t h e same 
i n d i v i d u a l s . 
Day 0 Day 1 Day 2 
(n=51) (n=6) (n=22) 
B i l l l e n g t h (mm) 16.2 ±0.1 15.2 ±0.2 18.4 +0.5 
(mean+se) 
F=8.30 F=10.95 
d f = l , 5 5 d f = l , 2 6 
p<0.01 p<0.01 
Weight (g) 19.2 ±0.3 17.2+0.6 26.5 ±1.1 
(mean+se) 
F=5.34 F=17.93 
d f = l , 5 5 d f = l , 2 6 
p<0.05 p<0.01 
These o b s e r v a t i o n s were as expected f r o m s t u d i e s o f 
t h e g r o w t h o f o t h e r wader c h i c k s , such as t h o s e o f common 
s n i p e Ga.llina.go gallinago (Green 1985) , w i t h t h e e x c e p t i o n 
t h a t t h e b i l l l e n g t h c o u l d n o t have decreased fr o m day 0 t o 
day 1. T h i s anomaly i s p r o b a b l y due t o t h e f a c t t h a t o n l y a 
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s m a l l number of woodcock c h i c k s (n=6) were measured when 
one day o l d . I t i s a l s o u n l i k e l y t h a t t h e v a l u e f o r t h e 
mean b i l l l e n g t h on day 0 r e p r e s e n t e d t h e b i l l l e n g t h a t 
h a t c h i n g because most o f t h e c h i c k s were n o t r i n g e d u n t i l 
a t l e a s t s i x hours a f t e r h a t c h i n g . 
Both b i l l l e n g t h and w e i g h t were good i n d i c a t o r s o f 
the age o f woodcock c h i c k s ( F i g u r e s 6.3 & 6.4) and t h e 
g r o w t h f o r c h i c k s aged 2-15 days c o u l d be d e s c r i b e d by 
l i n e a r r e l a t i o n s h i p s . These suggested t h a t t h e b i l l 
i n c r e a s e d d a i l y by 1.7mm and t h a t t h e d a i l y i n c r e a s e i n 
w e i g h t was 7.9g. The r e l a t i o n s h i p s were used t o d e r i v e t h e 
f o l l o w i n g e q u a t i o n s f o r ag e i n g young woodcock c h i c k s : 
Age (days) = -4.32+0.41 b i l l l e n g t h (mm) 
Age (days) = 0.95+0.09 w e i g h t (g) 
The c o r r e l a t i o n c o e f f i c i e n t s f o r b o t h e q u a t i o n s were 
h i g h l y s i g n i f i c a n t ; b i l l l e n g t h r=0.83, df=70, p<0.001 and 
w e i g h t r=0.85, d f = 9 1 , p<0.001. Weight i s p r o b a b l y t h e 
b e t t e r i n d i c a t o r o f c h i c k age as t h e mean e r r o r i n a g e i n g 
was l o w e r f o r c h i c k w e i g h t (1.30 days) t h a n f o r b i l l l e n g t h 
(1.56 d a y s ) . The g r o w t h curve c o u l d n o t be d e t e r m i n e d f o r 
c h i c k s o l d e r t h a n 20 days because most were a b l e t o f l y a t 
t h i s age and hence o n l y a few were caught a f t e r t h i s s t a g e . 
However, t h e c h i c k s t h a t were caught a t t h e age o f 3 0 days 
had a t t a i n e d a p p r o x i m a t e l y 80% o f t h e a d u l t body w e i g h t 
(280g) and t h e i r b i l l s were 93% o f t h e mean a d u l t l e n g t h 
(70mm) . Woodcock c h i c k s were u s u a l l y l e d fr o m t h e n e s t by 
the female w i t h i n two hours o f h a t c h i n g , b u t on average 
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F i g u r e 6=3 The r e l a t i o n s h i p between b i l l length and age f o r 
woodcock c h i c k s a t Whitwell Wood, Derbyshire measured during 
1989-1992. (Mean b i l l lengths p l o t t e d f o r days 0-2; 
95% confidence l i m i t s too small to show)-
B i l l length (mm)=17.46+1.69 age (days) 
r=0.83, df=70, p<0.001 
B i l l 
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F i g u r e 6„4 The r e l a t i o n s h i p between weight and age f o r 
woodcock c h i c k s a t Whitwell Wood, Derbyshire measured during 
1989=1992= (Mean weights p l o t t e d f o r days 0-2; 
95% confidence l i m i t s too small to show). 
Weight (g)=16.48+7.94 age (days) 
r=0.85, df=91, p<0.001 
W e i g h t 














n ^ ° 
K • • 
D S I D 
• 
B 8 
10 15 20 25 30 35 
Age (days) 
247 
broods o n l y moved a s t r a i g h t l i n e d i s t a n c e o f 3 9m per day 
up t o t h e age o f t e n days (115 brood days from 19 broods) , 
a l t h o u g h one brood o f d a y - o l d c h i c k s t r a v e l l e d 137m. 
6.4.8 Roding counts as a measure of population d e n s i t y 
There was no r e l a t i o n s h i p between t h e number o f r o d i n g 
male woodcock seen each n i g h t and the evening a i r 
te m p e r a t u r e d u r i n g May and June i n t h i s s t u d y ; W h i t w e l l 
Wood (1991) r=0.23, df=16, N.S. and M i l l d e n (1992) r=0.05, 
df=22, N.S. There was, however, c o n s i d e r a b l e v a r i a t i o n 
between i n d i v i d u a l r a d i o t a g g e d b i r d s i n t h e t i m e spent 
r o d i n g each n i g h t , t h e mean number o f t i m e s each b i r d was 
seen and t h e mean percentage o f t h e t o t a l o b s e r v a t i o n s f o r 
a l l t h e b i r d s t h a t these comprised (Table 6.9). The 
c o e f f i c i e n t s o f v a r i a t i o n f o r t h e time spent r o d i n g on 
c o n s e c u t i v e n i g h t s by each b i r d ranged from 0.46 t o 0.72, 
i n d i c a t i n g t h a t t h e r e was r e l a t i v e l y h i g h v a r i a t i o n i n t h e 
r o d i n g b e h a v i o u r e x h i b i t e d by each i n d i v i d u a l . C o n t r a r y t o 
e x p e c t a t i o n , t h e two f i r s t - y e a r b i r d s were t h e ones t h a t 
roded most a c t i v e l y . These d a t a i n d i c a t e t h a t no g e n e r a l 
c o r r e c t i o n can be made t o c o n v e r t t h e number o f s i g h t i n g s 
o f r o d i n g males i n t o an e s t i m a t e o f t h e number o f 
i n d i v i d u a l s . 
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Table 6.9 The r o d i n g b e h a v i o u r o f s i x r a d i o t a g g e d male 
woodcock a t W h i t w e l l Wood d u r i n g May and June 1986. 
D i f f e r e n c e s i n t h e mean d u r a t i o n o f r o d i n g (min.) and t h e 
mean number o f s i g h t i n g s t e s t e d by one-way ANOVAs. 
Age Mean d u r a t i o n Mean number Mean % (±se) 
of r o d i n g p e r of s i g h t i n g s o f t o t a l 
n i g h t (±se) per n i g h t (±se) s i g h t i n g s 
(mm. ) 
A d u l t 8 .1 ±1.8 ( n = l l ) 1.7 ±0.7 (n=3) 5 7 ±1.9 (n=3) 
A d u l t 10 . 9 ±2.1 (n=9) 2.0 ±1.0 (n=3) 7 4 ±3.2 (n=3) 
A d u l t 10 . 5 ±1.3 (n=18) 2.8 ±0.4 (n=16) 10 1 ±1.6 (n=16) 
A d u l t 18 . 0 ±2.2 (n=17) 4.2 ±0.7 (n=13) 18 2 ±3.8 (n=13) 
1 s t - y r 19 . 3 ±3.6 ( n = l l ) 6.7 ±1.7 (n=12) 23 6 ±4.3 (n=12) 
l s t - y r 27 . 7 +3.4 (n=14) 11.0 ±2.0 ( n = l l ) 38 3 ±3.3 ( n = l l ) 
F=8 .83 df=5,74 F=6.17 d f = 5, 52 
p<0.001 P< 0 . 001 
6.4.9 Key and k f a c t o r analyses 
There was no obvious t r e n d i n t h e d e n s i t y o f b r e e d i n g 
female woodcock a t W h i t w e l l Wood d u r i n g t h e y e a r s 1978-1992 
( F i g u r e 6.5), but t h e r e were a p p r e c i a b l e f l u c t u a t i o n s f r o m 
y e a r t o ye a r . The p o p u l a t i o n dropped t o i t s l o w e s t d e n s i t y 
i n t h e s p r i n g o f 1981 and was low i n t h e s p r i n g s o f 1987, 
1991 and 1992. R e l a t i v e l y h i g h numbers o f young woodcock 
were f l e d g e d i n 1978, 1983, 1989 and 1990. 
Annual i n d i v i d u a l and t o t a l m o r t a l i t i e s a re g i v e n i n 
F i g u r e 6.6. T o t a l m o r t a l i t y was h i g h i n 1979, 1980, 1986 
and 1992 and r e l a t i v e l y low i n 1982, 1987 and 1988. Chick 
m o r t a l i t y k3 appeared t o have t h e l a r g e s t i n f l u e n c e on t h e 
t o t a l annual m o r t a l i t y K i n those y e a r s f o r which t h e r e 
were d a t a . S h o o t i n g m o r t a l i t y k4 was t h e m o r t a l i t y f a c t o r 
showing t h e l e a s t v a r i a b i l i t y . The r e g r e s s i o n s o f t h e 
i n d i v i d u a l k f a c t o r s on K ( F i g u r e 6.7) c o n f i r m e d t h a t c h i c k 
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F i g u r e 6=5 The trend i n the d e n s i t y of female woodcock i n 
sp r i n g and the d e n s i t y of young woodcock fledged a t Whitwell 
Wood during 1978-1992. 
-°—Adult f e m a l e s 
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m o r t a l i t y k3 was the key f a c t o r (r=0.83, p<0.05; 
slope(±se)=0.677 + 0 .225; d f = 4 ) . Egg m o r t a l i t y kx and 
o v e r w i n t e r l o s s k5 were a l s o s i g n i f i c a n t l y r e l a t e d t o t h e 
t o t a l m o r t a l i t y K (r=0.59, p<0.05; slope(±se)=0.374±0.161; 
d f = 10 and r=0.58, p<0.05; s l o p e (±se)=0.482±0.198; d f = 12 
r e s p e c t i v e l y ) , b u t t h e r e was no r e l a t i o n s h i p between 
s h o o t i n g m o r t a l i t y k4 and t h e t o t a l annual m o r t a l i t y K 
(r=0.29, N.S.; sl o p e (±se)=-0.018±0.106; d f = 1 3 ) . 
The r e g r e s s i o n o f egg m o r t a l i t y k-j on l o g egg d e n s i t y 
was n o t s i g n i f i c a n t (r=0.02, N.S.; slope(±se)=-0.016±0.315; 
df = 10) and n e i t h e r was t h a t o f c h i c k m o r t a l i t y k3 on l o g 
d e n s i t y o f hatched c h i c k s (r=0.62, N.S.; 
slope(±se)=-0.620+0.379; df=4) ( F i g u r e 6.8). These d a t a are 
c l e a r l y t o o l i m i t e d t o enable a c o n c l u s i o n t o be drawn on 
whether egg and c h i c k m o r t a l i t y a t W h i t w e l l Wood are 
d e n s i t y - d e p e n d e n t . There was no r e l a t i o n s h i p between t h e 
l o g d e n s i t y o f young woodcock i n autumn and t h e l o g s p r i n g 
d e n s i t y o f a d u l t woodcock c a l c u l a t e d u s i n g t h e bag and age 
r a t i o d a t a f r o m shoots t h r o u g h o u t N England (r=0.22, N.S.; 
slope=0.172; d f = 8 ) , b u t o n l y e i g h t y e a r s o f d a t a were 
a v a i l a b l e . 
S h o o t i n g m o r t a l i t y k4 was n o t r e l a t e d t o l o g autumn 
female d e n s i t y (r=0.00, N.S.; slope(±se)=-0.000±0.023; 
df=13) b u t t h e r e was a p o s i t i v e c o r r e l a t i o n between 
o v e r w i n t e r l o s s k5 and l o g p o s t - s h o o t i n g d e n s i t y 
( F i g u r e 6.8), such t h a t w i t h an i n c r e a s e i n p o s t - s h o o t i n g 
d e n s i t y t h e p r o p o r t i o n o f female woodcock w h i c h were l o s t 
o v e r t h e w i n t e r i n c r e a s e d (r=0.69, p<0.01; 
slope(+se)=0.775±0.234; d f = 1 2 ) . Two-way r e g r e s s i o n a n a l y s i s 
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F i g u r e 6 = 6 Annual i n d i v i d u a l and t o t a l m o r t a l i t i e s f o r the 
female woodcock a t Whitwell Wood during 1978-1992. 
Egg m o r t a l i t y data only obtained f o r 1978-81 and 1985-92, 
c h i c k m o r t a l i t y data only obtained f o r 1986 and 1988-92. 
(Note s c a l e of a x i s f o r shooting m o r t a l i t y ten times greater 
than f o r other m o r t a l i t y f a c t o r s . ) 
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F i g u r e 6.7 Regressions of the i n d i v i d u a l m o r t a l i t y f a c t o r s 
a g a i n s t the t o t a l m o r t a l i t y K f o r the woodcock a t Whitwell 
Wood, Derbyshire during 1978-1992. 
(a) Egg m o r t a l i t y k 1 slope(±se)=0.374±0.161 p<0.05 
r=0.59, df=10 
(b) Chick m o r t a l i t y k 3 slope(±se)=0.677±0.225 p<0.05 
r=0.83, df=4 
(c ) Shooting m o r t a l i t y k 4 slope(±se)=-0.018±0.106 N.S. 
r=0.29, df=13 
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F i g u r e 6=8 Regressions of the i n d i v i d u a l m o r t a l i t y f a c t o r s 
on the log d e n s i t y p r i o r to each m o r t a l i t y a t Whitwell Wood, 
Derbyshire during 1978-1992. 
(a) Egg m o r t a l i t y k 1 v s . log egg d e n s i t y 
slope(lse)==0.01610.315 N.S. 
r=0.016, df=10 
(b) Chick m o r t a l i t y ^ v s . log d e n s i t y of hatched c h i c k s 
slope(ise)=~0.62010.397 N.S. 
r=0.62, df=4 
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( V a r l e y & Grad w e l l 1968) suggested a p o s s i b l e d e n s i t y -
dependent r e l a t i o n s h i p between o v e r w i n t e r l o s s k5 and l o g 
p o s t - s h o o t i n g d e n s i t y , because t h e slopes o f l o g p o s t -
s h o o t i n g d e n s i t y on l o g s p r i n g d e n s i t y and l o g s p r i n g 
d e n s i t y on l o g p o s t - s h o o t i n g d e n s i t y were b o t h 
s i g n i f i c a n t l y d i f f e r e n t from u n i t y and were on t h e same 
s i d e o f a s l o p e o f b = l ; b=0.224 and b=0.321 r e s p e c t i v e l y . 
The s l o p e o f t h e r e g r e s s i o n o f t h e k v a l u e on l o g i n i t i a l 
d e n s i t y was h i g h e s t f o r o v e r w i n t e r l o s s (=0.775), w h i c h was 
c l e a r l y t h e main r e g u l a t o r y , o r k, f a c t o r . As such, 
o v e r w i n t e r l o s s was t h e f a c t o r b e s t a b l e t o compensate f o r 
a d d i t i o n a l sources o f m o r t a l i t y . 
I t i s apparent from t h e t r e n d s i n t h e s p r i n g d e n s i t y 
o f b r e e d i n g females and t h e annual p r o d u c t i o n o f young 
woodcock a t W h i t w e l l Wood d u r i n g 1978-1992 ( F i g u r e 6.5), 
t h a t d e n s i t y independent f a c t o r s had an i m p o r t a n t i n f l u e n c e 
on t h e v a r i a t i o n i n t h e s i z e o f t h e b r e e d i n g woodcock 
p o p u l a t i o n . The two low s p r i n g d e n s i t i e s o f female woodcock 
i n 1981 and 1987 f o l l o w e d r e l a t i v e l y c o l d w i n t e r s i n 
1980/81 and 1986/87, and low numbers o f young woodcock were 
f l e d g e d i n 1991 and 1992, when t h e r e were d r y summers. 
6.4.10 Modelling the breeding woodcock population a t 
Whitwell Wood 
A schematic diagram o f t h e processes s i m u l a t e d i n t h e 
woodcock model i s g i v e n i n F i g u r e 6.9. Because none o f t h e 
r e l a t i o n s h i p s between egg m o r t a l i t y klt c h i c k m o r t a l i t y k3 
and s h o o t i n g m o r t a l i t y k4 and t h e l o g d e n s i t i e s p r i o r t o t h e 
m o r t a l i t i e s were s i g n i f i c a n t , mean v a l u e s f o r t h e s e 
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F i g u r e 6,9 A schematic diagram of the processes simulated i n 
the d e t e r m i n i s t i c model f o r the population of breeding 
female woodcock a t Whitwell Wood, Derbyshire. 
Annual data were obtained f o r the v a r i a b l e s i n the hexagonal 
boxes. When the model was run to e q u i l i b r i u m , the number of 
females i n s p r i n g (F) was the only annually v a r i a b l e input-
When used to p r e d i c t the trend i n the female woodcock 
population a t Whitwell Wood, the r e l a t i o n s h i p between post-
shooting female d e n s i t y and overwinter l o s s was re p l a c e d by 
the annual v a l u e s f o r overwinter l o s s . 
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m o r t a l i t y f a c t o r s were used i n the model [kx 0.238, 
k3 0.402, k4 0.017). Death o f t h e female was e s t i m a t e d t o 
occ u r on 23% o f t h e occas i o n s t h a t n e s t s were p r e d a t e d , on 
t h e b a s i s t h a t t h e female was k i l l e d i n t h r e e i n s t a n c e s o u t 
of 13 cases where a c t i v e n e s t s were p r e d a t e d a t W h i t w e l l 
Wood. T h i s f i g u r e was used t o det e r m i n e t h e number o f 
females a t t e m p t i n g t o r e - n e s t f o l l o w i n g t h e l o s s o f t h e 
f i r s t n e s t , b u t t h e v a l u e o f 0.68 was used f o r t h e female 
m o r t a l i t y k2 d u r i n g t h e b r e e d i n g season. The mean c l u t c h 
s i z e was t a k e n as 3.95 eggs. O v e r w i n t e r l o s s k5 was 
d e t e r m i n e d a c c o r d i n g t o t h e r e l a t i o n s h i p w i t h t h e l o g 
female d e n s i t y a f t e r s h o o t i n g d e r i v e d p r e v i o u s l y . A program 
l i s t i n g f o r t h e model i s g i v e n i n Appendix 6.3. 
The model was r u n t o e q u i l i b r i u m f r o m s t a r t i n g 
d e n s i t i e s o f one female/km 2 and 20 females/km 2. The 
e q u i l i b r i u m s p r i n g d e n s i t y was 6.80 females/km 2 and was 
reached a f t e r f i v e and seven g e n e r a t i o n s r e s p e c t i v e l y . T h i s 
e q u i l i b r i u m d e n s i t y approximated t h e mean o f t h e observed 
s p r i n g d e n s i t i e s o f 7.72 females/km 2 ( g e o m e t r i c mean 
7.19 females/km 2) a t W h i t w e l l Wood. The model was t h e n r u n 
u s i n g t h e observed o v e r w i n t e r l o s s k5 each y e a r as i n p u t . 
The p r e d i c t i o n s f r o m t h e d e t e r m i n i s t i c model o f b r e e d i n g 
female woodcock a t W h i t w e l l Wood over t i m e are compared 
w i t h t h e observed d a t a i n F i g u r e 6.10. The two t r e n d s are 
s i m i l a r b u t t h e model c l e a r l y o v e r e s t i m a t e d t h e d e n s i t y o f 
female woodcock i n s p r i n g d u r i n g 1980-1990. T h i s was due t o 
the r e l a t i v e l y h i g h l e v e l s o f i m m i g r a t i o n f o l l o w i n g t h e 
w i n t e r s o f 1981/82 (k s=-0.133) and 1982/83 (k 5=-0.311) , 
wh i c h caused t h e model t o o v e r e s t i m a t e t h e s i z e o f t h e 
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F i g u r e 6=10 Comparison of the p r e d i c t e d s p r i n g d e n s i t y of 
female woodcock, from the d e t e r m i n i s t i c population model, 
with the observed s p r i n g d e n s i t y a t Whitwell Wood, 
Derbyshire during 1978-1992. Annual estimates of overwinter 
l o s s k 5 have been used to d r i v e the s i m u l a t i o n . 
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s p r i n g p o p u l a t i o n f o r e i g h t y e a r s a f t e r w a r d s . The main 
s h o r t c o m i n g o f t h e model i s t h a t o v e r w i n t e r l o s s k5 i s t h e 
o n l y a n n u a l l y v a r i a b l e parameter, which means t h a t t h e 
model cannot a d j u s t f o r e r r o r s i n t h e e s t i m a t i o n o f 
o v e r w i n t e r l o s s k5 a t l a t e r stages i n t h e l i f e c y c l e . 
A d u l t woodcock were h i g h l y f a i t h f u l t o W h i t w e l l Wood 
( s e c t i o n 6.4.1) and i t seems l i k e l y t h a t any i m m i g r a t i o n 
must be o f f i r s t - y e a r b i r d s . R i n g i n g r e c o v e r i e s show 
woodcock t o be p h i l o p a t r i c t o t h e e x t e n t t h a t 76% o f b i r d s 
were f o u n d w i t h i n 10km o f t h e n a t a l s i t e (Chapter 2 ) . I t i s 
t h e r e f o r e p o s s i b l e t h a t t h e r e i s a l o c a l r e d i s t r i b u t i o n o f 
f i r s t - y e a r b i r d s i n some y e a r s , a l t h o u g h t h i s i s u n l i k e l y 
a f t e r w i despread c o l d w i n t e r weather because t h e woodcock 
i n a l l areas w i l l be a f f e c t e d . I t i s a l s o p o s s i b l e t h a t 
t h e r e i s an e r r o r i n t h e data f o r t h e s i z e o f t h e b r e e d i n g 
p o p u l a t i o n a t W h i t w e l l Wood i n 1981 and 1982 as v e r y few 
n e s t s o r broods were found i n these years (Appendix 6.1) . 
T h i s i s a problem o f u s i n g a c o r r e c t i o n f o r n e s t s e a r c h i n g 
e f f i c i e n c y . 
S i m u l a t i o n s o f t h e s p r i n g d e n s i t y o f female woodcock 
and t h e y i e l d o f female woodcock w i t h v a r y i n g r a t e s o f 
s h o o t i n g m o r t a l i t y suggested a maximum s u s t a i n a b l e y i e l d o f 
22% o f t h e p o s t - b r e e d i n g p o p u l a t i o n , which was e q u i v a l e n t 
t o a s h o o t i n g bag o f 1.79 female woodcock/km 2 woodland 
( F i g u r e 6.11). The curve f o r s p r i n g female d e n s i t y 
i n d i c a t e s t h a t o v e r w i n t e r l o s s compensates w e l l f o r 
s h o o t i n g m o r t a l i t y up t o t h e maximum s u s t a i n a b l e y i e l d . 
Once t h i s r a t e o f h a r v e s t i n g i s exceeded, however, t h e 
number o f female woodcock i n s p r i n g d e c l i n e s s h a r p l y 
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F i g u r e 6.11 E s t i m a t i o n o f t h e maximum s u s t a i n a b l e y i e l d f o r 
t h e female woodcock a t W h i t w e l l Wood, D e r b y s h i r e on t h e 
b a s i s o f s i m u l a t i o n s r u n f o r 20 g e n e r a t i o n s w i t h d i f f e r e n t 
l e v e l s o f s h o o t i n g m o r t a l i t y . 
The f i g u r e i l l u s t r a t e s t h e manner i n w h i c h t h e female 
woodcock p o p u l a t i o n i s l i k e l y t o w i t h s t a n d l e v e l s o f 
s h o o t i n g m o r t a l i t y up t o t h e maximum s u s t a i n a b l e y i e l d , b u t 
t h e v a l u e o f 22% f o r t h e maximum s u s t a i n a b l e y i e l d s h o u l d be 
t r e a t e d w i t h extreme c a u t i o n g i v e n t h e l i m i t a t i o n s o f t h e 
da t a upon which t h e model i s based. 
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w i t h o u t i m m i g r a t i o n . The e r r o r o f t h i s e s t i m a t e o f t h e 
maximum s u s t a i n a b l e y i e l d cannot e a s i l y be c a l c u l a t e d , b u t 
i t w i l l be a f u n c t i o n o f t h e e r r o r a s s o c i a t e d w i t h t h e mean 
v a l u e s o f egg m o r t a l i t y k±, female m o r t a l i t y k2 and c h i c k 
m o r t a l i t y k3 used i n t h e model. The e s t i m a t e o f t h e maximum 
s u s t a i n a b l e y i e l d s h o u l d be t r e a t e d w i t h extreme c a u t i o n 
g i v e n t h e in a d e q u a c i e s o f t h e da t a used t o b u i l d t h e model 
and s h o u l d n o t be used as a management recommendation t o 
h u n t e r s . The e s t i m a t e d mean annual m o r t a l i t y o f woodcock 
f r o m W h i t w e l l Wood due t o s h o o t i n g was v e r y low (4%) , w e l l 
below t h e e s t i m a t e d maximum s u s t a i n a b l e y i e l d and i s l i k e l y 
t o have reduced t h e s p r i n g b r e e d i n g d e n s i t y by a n e g l i g i b l e 
amount. 
The e f f e c t o f t h e severe w i n t e r i n t h e s i m u l a t i o n was 
t o reduce t h e s p r i n g female d e n s i t y f o r t h r e e y e a r s 
a f t e r w a r d s . W i t h s h o o t i n g m o r t a l i t y k4 a t 4% t h e s p r i n g 
female d e n s i t y was reduced by 3 9% i n t h e ye a r o f t h e severe 
w i n t e r when s h o o t i n g o c c u r r e d and was reduced by 3 6% w i t h a 
s h o o t i n g ban imposed. W i t h s h o o t i n g m o r t a l i t i e s o f 10% and 
20% t h e s p r i n g female d e n s i t y was reduced by 42% and 49% 
r e s p e c t i v e l y i n t h e ye a r o f t h e severe w i n t e r . C o n s i d e r i n g 
t h e y e a r o f t h e severe w i n t e r and t h e t h r e e y e a r s o f 
r e c o v e r y t o g e t h e r , t h e e f f e c t o f t h e s i m u l a t e d s h o o t i n g ban 
was t o reduce t h e o v e r a l l bag by 17% f o r a 1 % i n c r e a s e i n 
s p r i n g female d e n s i t y when t h e s h o o t i n g m o r t a l i t y was 4%. 
W i t h a s h o o t i n g m o r t a l i t y o f 10%, the o v e r a l l bag was 
reduced by 16% f o r a 3% i n c r e a s e i n s p r i n g female d e n s i t y , 
and w i t h 20% s h o o t i n g m o r t a l i t y , t h e bag was reduced by 14% 
f o r a 5% i n c r e a s e i n s p r i n g female d e n s i t y . C l e a r l y t h e 
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b e n e f i t o f the s i m u l a t e d s h o o t i n g ban d u r i n g c o l d weather 
was o n l y s m a l l . 
6.5 DISCUSSION 
Evidence from W h i t w e l l Wood suggests t h a t a d u l t 
woodcock are h i g h l y f a i t h f u l t o the b r e e d i n g s i t e , b o t h 
d u r i n g t h e b r e e d i n g season and i n w i n t e r . However, t h e 
chances o f r e c o v e r y elsewhere d u r i n g t h e b r e e d i n g season 
were u n d o u b t e d l y low and t h e t r u e degree o f f i d e l i t y t o 
W h i t w e l l Wood was p r o b a b l y exaggerated by t h e i n t e n s i v e 
e f f o r t employed t h e r e . I t seems l i k e l y f rom t h e degree o f 
o v e r w i n t e r l o s s i n c e r t a i n y e a r s t h a t e m i g r a t i o n sometimes 
t o o k p l a c e . There was some evidence t h a t C o n t i n e n t a l 
woodcock passed t h r o u g h W h i t w e l l Wood i n March on t h e i r 
r e t u r n m i g r a t i o n , a l t h o u g h t h e number o f b i r d s d o i n g so was 
a p p a r e n t l y o n l y s m a l l . The a d u l t s u r v i v a l r a t e o f 0.75 
d u r i n g t h e b r e e d i n g season on t h e b a s i s o f 2 0 r a d i o t a g g e d 
males and f o u r r a d i o t a g g e d females was s i m i l a r t o t h e 
e s t i m a t e o f 0.76 male s u r v i v a l made by H i r o n s (1983) and i s 
of t h e c o r r e c t o r d e r t o g i v e an annual a d u l t s u r v i v a l r a t e 
o f 0.58, p r o v i d e d t h a t t h e r a t e o f m o r t a l i t y i s s l i g h t l y 
l o w e r d u r i n g t h e w i n t e r ( 0 . 9 9 8 1 3 6 5 = 0 . 50) . The main p r e d a t o r s 
o f a d u l t woodcock d u r i n g t h e b r e e d i n g season appear t o be 
f o x e s , s t o a t s , sparrowhawks and tawny owls. I n c u b a t i n g 
females are most l i k e l y t o be k i l l e d by mammalian 
p r e d a t o r s , p a r t i c u l a r l y f o x e s , whereas f o r a g i n g males and 
females are s u s c e p t i b l e t o sparrowhawks. Only t h e hen 
sparrowhawk i s l i k e l y t o k i l l b i r d s as l a r g e as woodcock 
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(Newton 1986) and t h e woodcock are p r o b a b l y most v u l n e r a b l e 
d u r i n g t h e p r e - l a y i n g p e r i o d o f t h e sparrowhawk when t h e 
hen i s p u t t i n g on w e i g h t and t h e v e g e t a t i v e cover i n t h e 
woodland i s s t i l l r e l a t i v e l y sparse. Woodcock are a l s o a t 
r i s k t o p r e d a t i o n by sparrowhawks i f t h e r e i s a f a l l o f 
snow ( P o t t s p e r s . comm.). The most s u r p r i s i n g p r e d a t o r was 
the tawny owl and i t i s c o n c e i v a b l e t h a t W h i t w e l l Wood 
r e p r e s e n t e d an a t y p i c a l s i t u a t i o n because tawny owls were 
p r e s e n t a t h i g h d e n s i t y (upto 4.7 p a i r s / k m 2 ) due t o t h e 
p r o v i s i o n o f nest boxes. However, tawny owls a l s o k i l l 
l a p w i n g s (Thompson p e r s . comm.). 
A l l o f these p r e d a t o r s are g e n e r a l i s t s and woodcock 
can o n l y comprise a s m a l l p r o p o r t i o n o f t h e i r d i e t s . I n 
S S c o t l a n d woodcock comprised o n l y 0.7% o f t h e p r e y i t e m s 
i n t h e d i e t o f sparrowhawks, e q u i v a l e n t t o 3.5% by w e i g h t 
(Newton 1986) . S i m i l a r l y , Z o m e r d i j k (1983) r e p o r t e d t h a t 
woodcock remains comprised u p t o 3.3% o f t h e b i r d component 
i n tawny owl p e l l e t s i n H o l l a n d . The f a c t t h a t t h e y are 
g e n e r a l i s t s means t h a t t h e impact o f these p r e d a t o r s on t h e 
woodcock p o p u l a t i o n i s l i k e l y t o be d e n s i t y - d e p e n d e n t . T h i s 
i s because g i v e n a r e l a t i v e l y c o n s t a n t d e n s i t y o f 
p r e d a t o r s , changes i n woodcock d e n s i t y w i l l make them more 
or l e s s v u l n e r a b l e t o p r e d a t i o n . Of course, i n d i v i d u a l 
p r e d a t o r s may s p e c i a l i z e on p a r t i c u l a r t y p e s o f p r e y , a 
good example b e i n g i n d i v i d u a l f o x e s t h a t may s p e c i a l i z e on 
n e s t i n g g r e y p a r t r i d g e s Perdix perdix ( P o t t s 1986). 
There was no s u g g e s t i o n t h a t c l u t c h o r c h i c k p r e d a t i o n 
a t W h i t w e l l Wood was d e n s i t y - d e p e n d e n t , b u t t h e d a t a were 
p r o b a b l y t o o l i m i t e d t o enable such an e f f e c t t o be 
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d e t e c t e d . I t i s p o s s i b l e t h a t t h e changes i n t h e d e n s i t y o f 
woodcock were never o f s u f f i c i e n t magnitude t o 
s i g n i f i c a n t l y a l t e r t h e i r r e l a t i v e abundance compared t o 
the o t h e r t y p e s o f more numerous pr e y , such as r o d e n t s and 
s o n g b i r d s , t h a t were a v a i l a b l e . I t i s l i k e l y t h a t any 
de n s i t y - d e p e n d e n t a d u l t p r e d a t i o n a c t e d e a r l y i n t h e 
b r e e d i n g season when t h e woodcock became more numerous and 
more a c t i v e i n t h e woodland t h a n i n w i n t e r , and when t h e 
v e g e t a t i o n was s t i l l r e l a t i v e l y sparse compared t o d u r i n g 
l a t e s p r i n g and summer. Such an e f f e c t would n o t have been 
d e t e c t e d a t W h i t w e l l Wood because p r e d a t i o n was not 
measured u n t i l t h e females s t a r t e d n e s t i n g and i t i s l i k e l y 
t h a t t h e o v e r w i n t e r l o s s measured a t W h i t w e l l Wood i n c l u d e d 
d e n s i t y - d e p e n d e n t p r e d a t i o n o f a d u l t s e a r l y i n t h e b r e e d i n g 
season w h i c h reduced t h e p o t e n t i a l n e s t d e n s i t y . 
I n most cases, d e s e r t i o n due t o d i s t u r b a n c e by man o r 
t o adverse weather c o n d i t i o n s cannot be s e p a r a t e d f r o m 
p r e d a t i o n o f t h e female away from t h e n e s t . N e v e r t h e l e s s , 
a p parent d e s e r t i o n seems t o be an i m p o r t a n t cause o f ne s t 
f a i l u r e i n t h e woodcock, a c c o u n t i n g f o r almost h a l f t h e 
nes t l o s s e s . Other a u t h o r s (Shorten 1974, K a l c h r e u t e r 1983) 
have a l s o commented t h a t woodcock appear t o be p a r t i c u l a r l y 
prone t o d e s e r t i o n . I n t h e pheasant Phasianus colchicus, 
a n o t h e r ground n e s t i n g s p e c i e s o f woodland, t h e d a i l y r a t e 
o f n e s t l o s s due t o d e s e r t i o n was a l s o h i g h , b e i n g 
a p p r o x i m a t e l y equal t o t h e r a t e o f l o s s t o p r e d a t i o n and 
o t h e r f a i l u r e (Robertson 1991). Pheasants were more prone 
t o d e s e r t i o n on t h e day when t h e nest was f i r s t f o u n d 
d u r i n g b o t h e g g - l a y i n g and i n c u b a t i o n (Robertson 1991), b u t 
266 
t h e r e was no evidence f o r t h i s i n t h e woodcock. The t o t a l 
d a i l y r a t e o f n e s t l o s s was s i m i l a r t h r o u g h o u t e g g - l a y i n g 
and i n c u b a t i o n i n t h e woodcock whereas i n t h e pheasant i t 
was f ound t o be s i g n i f i c a n t l y h i g h e r d u r i n g e g g - l a y i n g t h a n 
d u r i n g i n c u b a t i o n . T h i s i s p r o b a b l y because t h e pheasant 
has a c o n s i d e r a b l y l o n g e r l a y i n g p e r i o d (16 days f o r an 
average c l u t c h o f 11.4 eggs). C l u t c h s u r v i v a l d u r i n g egg-
l a y i n g and i n c u b a t i o n was b e t t e r i n t h e woodcock (0.453-
0.497) t h a n t h e pheasant (0.071 from BTO ne s t r e c o r d cards 
and 0.214 from r e c o r d s from keepered s p o r t i n g e s t a t e s , 
Robertson 1991), a l t h o u g h pheasants o f t e n make t h r e e 
n e s t i n g a t t e m p t s . The f a c t t h a t t h e d a i l y r a t e o f woodcock 
nest l o s s was low e r d u r i n g 1980-89 t h a n d u r i n g 1945-79 
c o u l d be due t o i n c r e a s e d p r e d a t i o n p r e s s u r e i f n e s t l o s s 
i s d e n s i t y - d e p e n d e n t . At a g i v e n n e s t d e n s i t y , i n c r e a s e d 
p r e d a t i o n p r e s s u r e would produce a low e r n e s t d e n s i t y and 
hence a l o w e r r a t e o f nest p r e d a t i o n . 
A gain, t h e e x p l a n a t i o n f o r t h e f a c t t h a t t h e d a i l y 
r a t e o f woodcock c h i c k l o s s a t W h i t w e l l Wood was l o w e r 
d u r i n g 1989-92 t h a n d u r i n g 1978-88 c o u l d be i n c r e a s e d 
p r e d a t i o n p r e s s u r e i f c h i c k m o r t a l i t y i s d e n s i t y - d e p e n d e n t . 
However, woodcock c h i c k l o s s i s l i k e l y t o be more a f f e c t e d 
by d e n s i t y - i n d e p e n d e n t e f f e c t s t h a n c l u t c h l o s s and t h e 
d i f f e r e n c e i n t h e r a t e s o f c h i c k l o s s between 1978-88 and 
1989-92 might be due t o i n a c c u r a c y o f t h e 1978-88 e s t i m a t e 
w hich was o n l y based on a s m a l l sample o f c h i c k s . 
Comparison o f c h i c k m o r t a l i t y i n t h e d r y summers o f 1991 
and 1992 w i t h t h a t d u r i n g t h e r e l a t i v e l y normal summers o f 
1989 and 1990 suggested t h a t m o r t a l i t y was h i g h e r d u r i n g 
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y e a r s w i t h d r y summers. Earthworms, which comprise an 
i m p o r t a n t component o f woodcock c h i c k d i e t s (Chapter 5) , 
are l e s s a v a i l a b l e i n d r y c o n d i t i o n s and H i r o n s (1988b) has 
shown t h a t t h e p r o p o r t i o n o f young woodcock i n t h e s h o o t i n g 
bag f o r N England i n c r e a s e d w i t h t h e June r a i n f a l l d u r i n g 
t h e p r e v i o u s summer. Jackson & Jackson (1980) found t h a t i n 
dr o u g h t c o n d i t i o n s l a p w i n g c h i c k g r o w t h r a t e s were 
s i g n i f i c a n t l y reduced, t h a t t h e c h i c k s t o o k l o n g e r t o 
f l e d g e and t h a t m o r t a l i t y was h i g h e r . The same may be t r u e 
i n woodcock c h i c k s . 
The e s t i m a t e d n a t i o n a l p r o d u c t i o n o f f l e d g e d young 
fr o m t h e BTO n e s t r e c o r d cards (1.14 p e r b r e e d i n g female) 
was n o t s u f f i c i e n t t o match t h e r e q u i r e m e n t (1.78 f l e d g e d 
young p e r b r e e d i n g female) c a l c u l a t e d on t h e b a s i s o f an 
annual a d u l t s u r v i v a l r a t e o f 0.58 from B r i t i s h r i n g 
r e c o v e r i e s (Chapter 2) u n l e s s a p r o p o r t i o n o f t h e woodcock 
were double-brooded. However, t h e c a l c u l a t i o n was dependent 
on t h e s i n g l e e s t i m a t e o f c h i c k s u r v i v a l o f 0.45 fr o m 
W h i t w e l l Wood which was low r e l a t i v e t o t h e p r e v i o u s 
e s t i m a t e s o f 0.78 (Alexander 1946) and o f 0.67 f o r t h e 
American woodcock Scolopax minor (Sheldon 1971). I t i s 
p o s s i b l e t h a t t h e a c t u a l r a t e o f c h i c k s u r v i v a l a t W h i t w e l l 
Wood was s l i g h t l y h i g h e r t h a n 0.45 because a few c h i c k s may 
have been missed when broods were r e c a p t u r e d . At p r e s e n t 
t h e o n l y d i r e c t evidence o f a second brood i n t h e woodcock 
comes f r o m two d e s c r i p t i o n s o f woodcock i n c u b a t i n g eggs 
w h i l s t s u r r o u n d e d by a brood o f c h i c k s (von Z e d l i t z 1927, 
c i t e d by G l u t z von B l o t z h e i m e t a l . 1977, Jensen, c i t e d by 
Pay 1937). Alexander (1946) r e p o r t e d s i x cases o f woodcock 
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l a y i n g i n t o the same nest and two cases o f d i s p l a y i n g o r 
m a t i n g f o l l o w i n g a s u c c e s s f u l b r o o d but i n these i n s t a n c e s 
t h e r e was no p r o o f t h a t o n l y one female was i n v o l v e d . 
Clausager (1972) n o t e d t h a t 90% o f Scolopax rusticola n e s t s 
i n Denmark were found over a p e r i o d o f 15 weeks, w h i l e t h e 
same p r o p o r t i o n o f Scolopax minor n e s t s were found i n o n l y 
5-6 weeks. K a l c h r e u t e r (1983) b e l i e v e d t h a t t h i s was 
s u g g e s t i v e o f d o u b l e - b r o o d i n g i n Scolopax rusticola and 
c o n c l u d e d t h a t t h e number o f broods per y e a r p r o b a b l y 
f l u c t u a t e s r e g i o n a l l y and a n n u a l l y . 
The f a i l u r e o f c h i c k s t o g a i n w e i g h t i n t h e f i r s t few 
days a f t e r h a t c h i n g i s a t y p i c a l phenomenon i n p r e c o c i a l 
b i r d s ( R i c k l e f s 1973, A u l i e 1976), because t h e c h i c k s can 
s u r v i v e f o r a few hours on t h e l i p i d s absorbed from t h e egg 
y o l k and because t h e i r f o r a g i n g a b i l i t y and d i g e s t i v e 
e f f i c i e n c y are poor d u r i n g t h e f i r s t few days. The w e i g h t 
changes o f woodcock c h i c k s d u r i n g t h e f i r s t t h r e e days were 
s i m i l a r t o those observed i n common sn i p e by Green (1985) . 
I t i s p o s s i b l e t h a t some o f t h e e r r o r i n a g e i n g t h e 
woodcock c h i c k s from t h e l i n e a r r e g r e s s i o n o f w e i g h t on age 
was caused by d i u r n a l v a r i a t i o n i n t h e w e i g h t o f t h e 
c h i c k s . D i u r n a l v a r i a t i o n was n o t examined i n t h i s s t u d y 
b u t Green (1985) showed t h a t t h e e f f e c t was n o t s i g n i f i c a n t 
i n common s n i p e . Wader c h i c k s are known t o be s u s c e p t i b l e 
t o c o l d weather d u r i n g t h e i r f i r s t few days u n t i l t h e y are 
a b l e t o t h e r m o r e g u l a t e (Chappell 1980, Beintema & V i s s e r 
1989), and t h e s u r v i v a l o f woodcock c h i c k s a l s o appears t o 
be r e l a t e d t o earthworm a v a i l a b i l i t y w h i c h i s d e t e r m i n e d by 
summer r a i n f a l l . For these reasons i t i s n o t s u r p r i s i n g 
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t h a t c h i c k m o r t a l i t y was shown t o be t h e key m o r t a l i t y 
f a c t o r . The number o f b r e e d i n g female woodcock d i d n o t 
f l u c t u a t e i n r e l a t i o n t o c h i c k m o r t a l i t y between y e a r s 
because o v e r w i n t e r l o s s , t h e main r e g u l a t o r y f a c t o r , was 
a b l e t o b u f f e r between-year f l u c t u a t i o n s i n t h e p r o d u c t i o n 
o f young. 
The r e s u l t s o f t h e p r e s e n t key and k f a c t o r a n a l y s e s 
o b v i o u s l y need t o be t r e a t e d w i t h c a u t i o n , b u t i f 
o v e r w i n t e r l o s s i s d e n s i t y - d e p e n d e n t i t c o u l d be due t o a 
p r o p o r t i o n a l i n c r e a s e i n w i n t e r m o r t a l i t y o r t o d i s p e r s a l 
as t h e d e n s i t y o f woodcock l e f t a f t e r s h o o t i n g i n c r e a s e s . 
E m i g r a t i o n o f b i r d s from t h e i r n a t a l area p r i o r t o b r e e d i n g 
o f f e r s a p l a u s i b l e e x p l a n a t i o n f o r o v e r w i n t e r l o s s and 
T a y l o r & T a y l o r (1977) suggest t h a t d i s p e r s a l p l a y s a 
fundamen t a l r o l e i n t h e r e g u l a t i o n o f many a n i m a l s p e c i e s . 
Density-dependent b r e e d i n g d i s p e r s a l o f females d u r i n g 
e a r l y s p r i n g has been c l e a r l y d emonstrated i n t h e g r e y 
p a r t r i d g e ( P o t t s 1986). F u r t h e r d a t a are r e q u i r e d t o 
s u b s t a n t i a t e t h e i n t e r e s t i n g p o s s i b i l i t y t h a t woodcock 
p o p u l a t i o n s may be r e g u l a t e d by o v e r w i n t e r l o s s . 
A f a c t o r n o t c o n s i d e r e d i n t h e p r e s e n t a n a l y s i s was 
th e presence o f C o n t i n e n t a l woodcock d u r i n g t h e w i n t e r . The 
a r r i v a l o f m i g r a n t woodcock i n autumn o b v i o u s l y i n c r e a s e s 
t h e d e n s i t y o f b i r d s i n w i n t e r and i f o v e r w i n t e r l o s s i s 
d e n s i t y - d e p e n d e n t , t h e n t h i s would be expe c t e d t o i n c r e a s e 
t h e r a t e o f o v e r w i n t e r l o s s among t h e r e s i d e n t b i r d s . T h i s 
e f f e c t i s l i k e l y t o have been s m a l l a t W h i t w e l l Wood 
because t h e p r o p o r t i o n o f f o r e i g n t o r e s i d e n t b i r d s i n 
w i n t e r i s r e l a t i v e l y low i n t h i s p a r t o f t h e c o u n t r y 
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(Chapter 2 ) . The low d e n s i t y o f woodcock i n t h e v i c i n i t y o f 
W h i t w e l l Wood i n w i n t e r (Chapter 3) c o n f i r m s t h i s . However, 
t h e i n c r e a s e i n d e n s i t y may be i m p o r t a n t i n S England and 
Wales, and may e x p l a i n why no woodcock breed i n most p a r t s 
o f SW England and W Wales (Lewis & Roberts 19 93) where t h e 
h i g h e s t d e n s i t i e s o f woodcock are found i n w i n t e r 
(Chapter 3) . P o t t s & Hi r o n s (1983) e s t i m a t e d t h a t t h e r a t e 
o f p r e d a t i o n o f woodcock on t h e L i z a r d P e n i n s u l a , C o r n w a l l 
d u r i n g December-February 1980 and 1981 was about 40%. 
The c o n s t r u c t i o n o f t h e d e t e r m i n i s t i c model f o r t h e 
woodcock p o p u l a t i o n a t W h i t w e l l Wood i l l u s t r a t e s t h e 
p o t e n t i a l v a l u e o f a m o d e l l i n g approach t o u n d e r s t a n d i n g 
woodcock p o p u l a t i o n s g i v e n a r e l i a b l e d a t a s e t . The p r e s e n t 
model, however, i s f l a w e d by t h e undetermined e r r o r i n t h e 
e s t i m a t e s o f female d e n s i t y i n s p r i n g , caused by t h e f a c t 
t h a t t h e number o f n e s t s and broods found each y e a r had t o 
be c o r r e c t e d u s i n g crude e s t i m a t e s o f t h e ne s t s e a r c h i n g 
e f f o r t . The model i s a l s o s p e c i f i c t o t h i s g i v e n s i t u a t i o n 
and has n o t been v a l i d a t e d u s i n g an independent d a t a s e t . 
C o n s t r u c t i o n o f t h e model h i g h l i g h t e d t h e d i f f i c u l t i e s i n 
d e t e r m i n i n g p o p u l a t i o n parameters f o r t h e woodcock, whose 
s p r i n g b r e e d i n g d e n s i t y and annual p r o d u c t i o n cannot be 
r e a d i l y assessed from counts i n t h e s p r i n g and autumn as 
f o r gamebirds. The d e n s i t y o f b r e e d i n g females i n s p r i n g 
has t o be de t e r m i n e d by i n t e n s i v e n e s t s e a r c h i n g because 
t h e r e i s no evidence t h a t t h e number o f r o d i n g males i s 
r e l a t e d t o t h e number o f b r e e d i n g females. I n g e n e r a l , o n l y 
a s m a l l p r o p o r t i o n o f f i r s t - y e a r males rode ( H i r o n s 1980) 
whereas females breed i n t h e i r f i r s t y e ar (Ostermeyer & 
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F e r r a n d 1979, H i r o n s 1980), and, i n any case, t h e r e i s no 
means o f d e t e r m i n i n g t h e number o f i n d i v i d u a l s f r o m a g i v e n 
number o f s i g h t i n g s o f r o d i n g males. I n t h i s s t u d y t h e r e i s 
an unknown e r r o r i n the e s t i m a t e s o f female d e n s i t y i n 
s p r i n g because t h e number o f n e s t s and broods found each 
y e a r had t o be c o r r e c t e d u s i n g crude e s t i m a t e s o f t h e ne s t 
s e a r c h i n g e f f o r t . The f a c t t h a t t h e d a i l y r a t e o f n e s t l o s s 
a t W h i t w e l l Wood (0.025) f o r t h e yea r s 1978-1992 was v e r y 
s i m i l a r t o t h e n a t i o n a l v a l u e based on t h e BTO ne s t r e c o r d 
cards (0.021) f o r 1980-1989 suggests t h a t W h i t w e l l Wood was 
s u b j e c t t o r a t e s o f p r e d a t i o n and d i s t u r b a n c e s i m i l a r t o 
t h e averages f o r B r i t a i n as a whole. 
The e s t i m a t e d maximum s u s t a i n a b l e y i e l d f o r t h e 
woodcock p o p u l a t i o n a t W h i t w e l l Wood (22%, s e c t i o n 6.4.10) 
was v e r y s i m i l a r t o t h a t e s t i m a t e d a t t h e n a t i o n a l l e v e l 
(24%) i n an e a r l y model by P o t t s & H i r o n s (1983) . I f t h e 
maximum s u s t a i n a b l e y i e l d i s equal t o 24% i n most p a r t s o f 
B r i t a i n i t i s l i k e l y t h a t t h e c u r r e n t r a t e s o f h a r v e s t i n g 
i n a few areas, assuming t h a t t h e y a f f e c t t h e r e s i d e n t 
b r e e d i n g woodcock and t h e C o n t i n e n t a l m i g r a n t s s i m i l a r l y , 
w i l l l e a d t o d e c l i n e s i n t h e s i z e o f l o c a l b r e e d i n g 
p o p u l a t i o n s . T h i s may e x p l a i n why woodcock do n o t breed i n 
C o r n w a l l and p a r t s o f W Wales where t h e h i g h e s t d e n s i t i e s 
o f w i n t e r i n g woodcock are found. The h a r v e s t r a t e i n th e s e 
r e g i o n s i s o f t e n as h i g h as 40% (Chapter 3) and t h i s would 
p r e v e n t a b r e e d i n g p o p u l a t i o n from becoming e s t a b l i s h e d . 
The d a t a from W h i t w e l l Wood suggest t h a t i m m i g r a t i o n was 
nec e s s a r y f o l l o w i n g c o l d w i n t e r s t o c o u n t e r a c t t h e e f f e c t 
o f t h e i n c r e a s e d d e n s i t y - i n d e p e n d e n t m o r t a l i t y . I m m i g r a t i o n 
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cannot occur i f c o l d weather e f f e c t s are widespread, as i n 
the w i n t e r of 1962/63, and t h i s explains why the w i n t e r 
woodcock p o p u l a t i o n i n d i c a t e d by the size of shooting bags 
took three years t o r e t u r n t o i t s former l e v e l (Chapter 3 ) . 
The b e n e f i t of a ban on shooting d u r i n g c o l d w i n t e r s 
appears t o be only small provided t h a t a series of c o l d 
w i n t e r s do not f o l l o w each other. The present model gave 
s i m i l a r r e s u l t s t o the one devised by Potts & Hirons 
(1983), but should be more robust because i t i s based on 
f i e l d data f o r d i f f e r e n t stages of the l i f e cycle and 
examined the l i k e l i h o o d of d e n s i t y dependence i n the 
prod u c t i o n of young woodcock and i n overwinter l o s s . Potts 
& Hirons (1983) used n a t i o n a l woodcock bags and age r a t i o s 
t o assess the s t r e n g t h of de n s i t y dependence i n a d u l t 
s u r v i v a l because at the time i t was not known how 
Continental woodcock were d i s t r i b u t e d i n B r i t a i n i n w i n t e r 
i n r e l a t i o n t o B r i t i s h b i r d s . 
Ferrand (198 9) has proposed a system f o r counting 
roding male woodcock i n France f o r use as an index of the 
size of breeding populations. However, the f a c t t h a t males 
are polygynous, combined w i t h the v a r i a b i l i t y i n the roding 
behaviour of each i n d i v i d u a l and between d i f f e r e n t b i r d s 
observed i n t h i s study, means t h a t counts of roding males 
are u n l i k e l y t o be r e l i a b l e . Hirons (1988a) showed t h a t 
male woodcock spent longer roding over areas of good 
n e s t i n g h a b i t a t and t h a t , consequently, counts of rodin g 
males at d i f f e r e n t l o c a t i o n s w i t h i n the same wood v a r i e d 
according t o the h a b i t a t i n which observations were made. 
I n order t o stand any chance of o b t a i n i n g a r e p r e s e n t a t i v e 
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estimate of a breeding woodcock po p u l a t i o n from a census 
based on counts of roding males, the census would have t o 
include a large number of observation p o i n t s s c a t t e r e d 
throughout a l l possible types of breeding h a b i t a t . 
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7. GENERAL DISCUSSION 
7.1 The B r i t i s h breeding woodcock population 
B r i t i s h woodcock are t y p i c a l l y sedentary and e x h i b i t a 
high degree of p h i l o p a t r y . Ring recovery data suggest t h a t 
they also w i n t e r close t o t h e i r breeding areas, although i t 
seems l i k e l y t h a t a small component, u n l i k e i n Continental 
woodcock, of the B r i t i s h woodcock p o p u l a t i o n (about 4%) i s 
t r u l y migratory. The estimated annual a d u l t s u r v i v a l r a t e 
of woodcock ringed i n B r i t a i n and I r e l a n d (58%) i s s l i g h t l y 
lower than the a d u l t s u r v i v a l r a t e s f o r other waders, e.g. 
the lapwing Vanellus vanellus 66% and the redshank Tringa 
totanus 68%, and t h i s may be because they are more 
f r e q u e n t l y shot i n w i n t e r or because they u t i l i z e a 
d i f f e r e n t type of h a b i t a t . 
The B r i t i s h breeding woodcock p o p u l a t i o n i s b e l i e v e d 
t o be d e c l i n i n g (Marchant et al. 1990, Lewis & Roberts 
1993) . The present study also suggests t h a t t h i s i s l i k e l y 
and t h a t the reason i s because the cur r e n t annual r a t e of 
pro d u c t i o n of young woodcock i s not s u f f i c i e n t t o 
compensate f o r a d u l t m o r t a l i t y each year. Most woodcock 
r i n g i n g recoveries, however, are of shot b i r d s and the 
o v e r a l l a d u l t s u r v i v a l r a t e i n the B r i t i s h I s l e s may be 
higher than estimated i n t h i s study due t o appreciable 
areas where woodcock are not shot. There was no evidence 
f o r a s i g n i f i c a n t change i n the annual a d u l t s u r v i v a l r a t e 
t h i s century. Woodcock chick s u r v i v a l at a s i t e i n 
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NE Derbyshire was found t o be h i g h l y v a r i a b l e from year t o 
year and the mean chick s u r v i v a l r a t e used f o r comparison 
w i t h the annual a d u l t s u r v i v a l r a t e may be an 
underestimate, due t o the i n c l u s i o n of data from the two 
dry summers of 1991 and 1992. I n any case, the chick 
s u r v i v a l data are from a s i n g l e breeding s i t e and should be 
t r e a t e d w i t h c aution. 
Unlike i n many nesting gamebirds, e.g. the grey 
p a r t r i d g e Perdix perdix (Potts 1986) and the red grouse 
Lagopus lagopus scoticus (Hudson 1992), and waterfowl, e.g. 
the m a l l a r d Anas platyrhynchos ( H i l l 1984), the production 
of young woodcock d i d not appear t o be density-dependent i n 
t h i s study. The only evidence t h a t nest loss may be 
density-dependent comes from BTO nest record cards which 
suggest t h a t the r a t e of nest loss was lower d u r i n g 1980-89 
than d u r i n g 1945-1979. This would be expected i f nest loss 
was density-dependent and pre d a t i o n pressure has increased. 
The sharp r e d u c t i o n i n gamekeepering e f f o r t i n B r i t a i n 
since the 1950s has been described by Potts (1980) . There 
was no evidence f o r r e g i o n a l d i f f e r e n c e s i n the r a t e of 
nest loss between S England, N England and Scotland. 
V a r i a b l e weather, i n p a r t i c u l a r the amount of r a i n f a l l i n 
e a r l y summer (Hirons 1988jb) , seems t o have a gre a t e r 
i n f l u e n c e on chick s u r v i v a l because i t determines the 
a v a i l a b i l i t y of earthworms t o growing and r e c e n t l y fledged 
young. However, few data were obtained on annual chick 
s u r v i v a l r a tes and v a r i a t i o n i n r e l a t i o n t o chick d e n s i t y 
i s c l e a r l y an area t h a t merits f u r t h e r i n v e s t i g a t i o n . 
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The data c o l l e c t e d f o r the breeding woodcock 
po p u l a t i o n at Whitwell Wood, Derbyshire were i n s u f f i c i e n t 
t o enable any f i r m conclusions t o be drawn about the manner 
i n which p o p u l a t i o n r e g u l a t i o n operated. Overwinter loss 
(excluding shooting) appeared t o be density-dependent and 
was the f a c t o r most l i k e l y t o have regulated the number of 
breeding woodcock at Whitwell Wood. I f overwinter loss acts 
as the main r e g u l a t o r y f a c t o r throughout B r i t a i n , there are 
important i m p l i c a t i o n s f o r the B r i t i s h breeding woodcock 
po p u l a t i o n . I t seems l i k e l y t h a t the increased d e n s i t y of 
woodcock i n w i n t e r , caused by the larg e i n f l u x of 
Continental migrants, w i l l increase overwinter loss among 
re s i d e n t B r i t i s h woodcock. The reason why woodcock do not 
breed i n most p a r t s of SW England and W Wales (Lewis & 
Roberts 1993) may be because very high d e n s i t i e s of 
Continental woodcock w i n t e r i n these areas, r e s u l t i n g i n 
high r a t e s of w i n t e r l o s s . I n a d d i t i o n , the l a r g e s t annual 
woodcock bags i n B r i t a i n are shot i n these areas and the 
p r o p o r t i o n of the b i r d s present t h a t are shot i s such t h a t 
the maximum sustainable y i e l d f o r the r e s i d e n t p o p u l a t i o n 
(estimated at 22-24%) i s l i k e l y t o be exceeded. 
7.2 The w i n t e r i n g woodcock population i n the B r i t i s h I s l e s 
Continental woodcock o r i g i n a t i n g from Fennoscandia and 
the former USSR outnumber B r i t i s h woodcock by approximately 
10:1 i n w i n t e r (Hirons & L i n s l e y 1989, Lewis & Roberts 
1993). Most of these f o r e i g n b i r d s probably r e t u r n t o the 
B r i t i s h I s l e s i n successive wi n t e r s because the a d u l t 
s u r v i v a l r a t e of f o r e i g n - r i n g e d woodcock recovered i n 
277 
B r i t a i n and I r e l a n d i s s i m i l a r t o t h a t of B r i t i s h woodcock. 
I f they d i d not r e t u r n the s u r v i v a l r a t e of C o n t i n e n t a l -
r i n g e d woodcock would be lower owing t o the shortage of 
ol d e r b i r d s reported i n B r i t a i n and I r e l a n d . Nevertheless, 
i t i s p o s s i b l e t h a t the p r o p o r t i o n of woodcock of each year 
class r e t u r n i n g t o B r i t a i n v a r i e s annually and t h a t o l d e r 
b i r d s do not r e t u r n every year. This would produce a 
s i m i l a r age d i s t r i b u t i o n i n the r i n g recoveries provided 
the b i r d s i n each age class had the same p r o b a b i l i t y of 
r e t u r n i n g t o B r i t a i n . 
Evidence from r i n g recoveries and w i n t e r d e n s i t y 
estimates i n d i c a t e t h a t r e l a t i v e l y few f o r e i g n woodcock 
overwinter i n Scotland (3% of r i n g i n g recoveries were of 
f o r e i g n b i r d s ) and t h a t the l a r g e s t p r o p o r t i o n and l a r g e s t 
number of f o r e i g n woodcock w i n t e r i n SW England and Wales 
(57% of r i n g i n g recoveries were of f o r e i g n b i r d s ) , f u r t h e r 
south than many B r i t i s h woodcock. The b i r d s shot i n these 
main w i n t e r i n g areas must t h e r e f o r e be almost e x c l u s i v e l y 
f o r e i g n woodcock because B r i t i s h woodcock do not breed i n 
SW England or W Wales (Lewis & Roberts 1993) and a la r g e 
p r o p o r t i o n of a l l the woodcock k i l l e d i n B r i t a i n and 
I r e l a n d each w i n t e r are undoubtedly f o r e i g n migrants. 
The increase i n pheasant Phasianus colchicus shooting 
i n the UK since 1980 has probably l e d t o more woodcock 
being shot. This has had the greatest impact i n N England 
and Scotland, because although the t o t a l number of 
pheasants shot i n these regions i s s t i l l r e l a t i v e l y low 
compared t o S England, these are the regions where the 
l a r g e s t percentage increase i n the pheasant bag has 
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occurred. The increase i n pheasant shooting has probably 
t h e r e f o r e had as great an impact on the B r i t i s h woodcock 
po p u l a t i o n as on the Continental migrants. Henderson et al. 
(1993), however, have suggested t h a t the o v e r a l l h unting 
r a t e on ringed woodcock throughout B r i t a i n has d e c l i n e d 
since the e a r l y 1960s. I t i s important t o remember t h a t the 
lar g e numbers of Continental woodcock t h a t w i n t e r i n 
B r i t a i n may also be harvested on m i g r a t i o n i n other 
c o u n t r i e s , although Henderson et al. (1993) provide 
evidence f o r a d e c l i n e i n the hunting r a t e i n most other 
European c o u n t r i e s . 
Data obtained from the L i z a r d Peninsula, Cornwall 
suggest t h a t the w i n t e r i n g s i t e f i d e l i t y of C o n t i n e n t a l 
woodcock i s high (about 69%) . There i s evidence from the 
d i f f e r e n c e i n the d i s t r i b u t i o n of woodcock bags i n m i l d and 
c o l d w i n t e r s t o suggest t h a t there i s a net movement of 
woodcock south and west i n B r i t a i n i n c o l d weather (Tapper 
& Hirons 1983). The r i n g recoveries showed t h a t B r i t i s h 
woodcock remained j u s t as f a i t h f u l t o the breeding s i t e i n 
c o l d w i n t e r s as i n m i l d ones, imp l y i n g t h a t o n l y 
C o n t i n e n t a l woodcock move. I t i s p l a u s i b l e t h a t d i f f e r e n t 
s t r a t e g i e s are employed by B r i t i s h and C o n t i n e n t a l 
woodcock. The former probably b e n e f i t from remaining i n an 
area w i t h which they are f a m i l i a r and where they may have 
experience of l o c a t i n g unfrozen feeding s i t e s , whereas, 
provided the severe weather i s not widespead, the 
C o n t i n e n t a l woodcock are l i k e l y t o f i n d b e t t e r feeding 
o p p o r t u n i t i e s more q u i c k l y i f they move. Woodcock 
experience increased m o r t a l i t y i n very severe w i n t e r s , such 
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as t h a t of 1962/G3, and the subsequent p o p u l a t i o n recovery-
may take about three years. Simulation r e s u l t s suggest t h a t 
shooting bans only lead t o a small r e d u c t i o n i n the 
m o r t a l i t y d u r i n g c o l d w i n t e r s . 
7.3 Habi t a t use by woodcock during the breeding season and 
the i n f l u e n c e of woodland management 
Whitwell Wood, Derbyshire was a t y p i c a l of many lowland 
mixed deciduous woods because i t was comprised l a r g e l y of 
sycamore Acer pseudoplanatus and beech Fagus sylvaticus. 
Sycamore i s not r a t e d h i g h l y by f o r e s t e r s because i t i s not 
a n a t i v e species t o B r i t a i n and i s p a r t i c u l a r l y s u s c e p t i b l e 
to bark s t r i p p i n g by grey s q u i r r e l s Sciurus carolinensis 
(Shorten 1957, Corbet & Southern 1977). However, the 
sycamore areas were c l e a r l y p r e f e r r e d by the woodcock i n 
t h i s study and the reason f o r t h i s i s l i k e l y t o be t h a t 
sycamore leaves are h i g h l y p a l a t a b l e t o earthworms, 
r e s u l t i n g i n high earthworm d e n s i t i e s i n the s o i l beneath 
sycamore trees (Edwards & L o f t y 1977). 
Radiotagged woodcock monitored i n lowland mixed 
deciduous woodland were able t o se l e c t feeding s i t e s w i t h 
higher a v a i l a b l e d e n s i t i e s of earthworms and other s o i l 
i n v e r t e b r a t e s than p a i r e d random l o c a t i o n s , but the 
p r e f e r r e d s i t e s were also w i t h i n areas w i t h dense ground 
cover, o f t e n comprised of dog's mercury Mercurialis 
perennis. The woodcock favoured the edges of stands f o r 
feeding, probably because they supported a higher d e n s i t y 
of shrubs which a f f o r d e d p r o t e c t i o n from avian predators, 
i n p a r t i c u l a r sparrowhawks Accipiter nisus. This 
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i n f o r m a t i o n i s important i n determining the l i k e l y e f f e c t s 
of woodland management. The d e c l i n e i n managed coppice i n 
B r i t a i n (82% since 1950, Warren & Key 1991) has undoubtedly 
been an important f a c t o r i n the decline of breeding 
woodcock because t r a d i t i o n a l coppice management produced an 
open canopy and dense understorey; the type of s t r u c t u r e 
t y p i c a l of woodland edges. Because the pheasant has become 
a species of considerable economic value, i t s h a b i t a t 
requirements c u r r e n t l y i n f l u e n c e the way i n which many 
woodlands are plan t e d and managed throughout lowland 
B r i t a i n (Avery & L e s l i e 1990, Cobham Resource Consultants 
1992). Woodland management f o r pheasants involves the 
maintenance of open r i d e s and shrubby woodland edges 
(Woodburn & Robertson 1990) and should t h e r e f o r e b e n e f i t 
breeding woodcock. Woodland r i d e s are probably important 
f o r roding males i n large woods. 
The use of upland woodland h a b i t a t s by breeding 
woodcock has not p r e v i o u s l y been studied and a basic 
understanding of woodcock ecology i n woods of b i r c h Betula 
pubescens i s important because these form the most abundant 
class of semi-natural woodland i n the S c o t t i s h highlands 
(MacKenzie 1987) and are l i k e l y t o support an appreciable 
p r o p o r t i o n of the breeding woodcock p o p u l a t i o n i n Scotland. 
Cover was c l e a r l y important f o r feeding b i r d s d u r i n g the 
daytime i n t h i s s i t u a t i o n and a c t i v i t y was r e s t r i c t e d 
almost e x c l u s i v e l y t o patches of dense young b i r c h or t o 
mature b i r c h w i t h bracken Pteridium aquilinum cover. This 
was probably because the woodcock would have been 
vulnerable t o p r e d a t i o n by sparrowhawks, which were 
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r e g u l a r l y seen i n the area, had they fed i n the more open 
h a b i t a t s . Some woodcock nests were located i n r e l a t i v e l y 
open areas i n c l u d i n g Calluna heath and dead bracken was 
again c l e a r l y important. The high use of bracken-dominated 
areas means t h a t there i s l i k e l y to be a c o n f l i c t of 
i n t e r e s t f o r p r i v a t e landowners w i t h an i n t e r e s t i n red 
grouse shooting, because one of the options f o r c o n t r o l l i n g 
l o u p i n g i l l v i r u s on grouse moors i s t o remove bracken, 
which harbours the t i c k Ixodes ricinus t h a t c a r r i e s the 
v i r u s . 
The other type of h a b i t a t important t o woodcock i n 
B r i t a i n i s c o n i f e r p l a n t a t i o n , which comprises 41% of the 
woodland i n England, 70% of the woodland i n Wales and 83% 
of a l l S c o t t i s h woodland (Avery & L e s l i e 1990). The ecology 
of woodcock i n c o n i f e r p l a n t a t i o n s was not examined i n 
d e t a i l i n t h i s study, but evidence from Whitwell Wood, 
Derbyshire and M i l l d e n , Angus suggests t h a t only r e l a t i v e l y 
young (<15 year o l d ) , open p l a n t a t i o n s are l i k e l y t o be 
used i n t e n s i v e l y and t h a t mature Scots pine Pinus 
sylvestris i s l a r g e l y avoided. There i s u s u a l l y no 
understorey or ground v e g e t a t i o n i n mature c o n i f e r 
p l a n t a t i o n s and the a v a i l a b l e earthworm and s o i l surface 
i n v e r t e b r a t e d e n s i t i e s are much reduced compared w i t h 
deciduous woodland. I n England, where i n general c o n i f e r 
has replaced e x i s t i n g broadleaved woodland i n many areas, 
the increase i n the area of coniferous woodland d u r i n g the 
l a s t 40 years i s l i k e l y t o have been d e t r i m e n t a l , but i n 
Scotland where c o n i f e r p l a n t a t i o n s represent the c r e a t i o n 
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of new woodland, the change i s l i k e l y t o have increased 
woodcock h a b i t a t . 
The woodcock was o r i g i n a l l y a species t h a t was thought 
would not b e n e f i t from a f f o r e s t a t i o n i n Scotland 
(Thorn 1986), but i t i s beli e v e d t o be c u r r e n t l y abundant i n 
the c o n i f e r p l a n t a t i o n s of SW Scotland (Avery & L e s l i e 
1990) and has been recorded breeding i n p l a n t a t i o n s as f a r 
n o r t h as the n o r t h coast of Sutherland (Stroud et a l . 
1987). C l e a r l y more i n f o r m a t i o n i s req u i r e d concerning the 
d e n s i t i e s at which woodcock occur i n c o n i f e r p l a n t a t i o n s 
and the ages of p r e f e r r e d stands. I n 1980, 77% of the 
c o n i f e r f o r e s t s i n B r i t a i n were less than 30 years o l d 
(Avery & L e s l i e 1990), but they have now have reached the 
age where they are l i k e l y to be less a t t r a c t i v e t o woodcock 
(Lewis & Roberts 1993). 
7.4 Habitat use by woodcock i n winter and the i n f l u e n c e of 
a g r i c u l t u r a l p r a c t i c e s 
Several authors have noted t h a t woodcock are less 
s p e c i f i c w i t h respect t o t h e i r d i u r n a l woodland h a b i t a t 
requirements i n w i n t e r (Shorten 1974, Kalchreuter 1983, 
Cramp & Simmons 1983) and i t i s c l e a r l y the nature of 
nearby farmland t h a t determines the s u i t a b i l i t y of 
w i n t e r i n g areas. I n t h i s study, the woodcock i n a 
predominantly grassland area i n Cornwall mainly avoided 
w i n t e r cereal f i e l d s and short-term leys, e x h i b i t i n g a 
strong preference f o r permanent pastures, which supported 
the highest d e n s i t i e s of earthworms and other s o i l 
i n v e r t e b r a t e s . They even selected between d i f f e r e n t 
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permanent pastures, apparently on the basis of the r e l a t i v e 
a v a i l a b i l i t y of these two types of prey. There was no 
evidence t h a t the woodcock d i f f e r e n t i a t e d between patches 
w i t h i n c e r t a i n f i e l d s , as has been demonstrated f o r 
lapwings and golden plovers (Barnard & Thompson 1985). This 
i s probably because the older grass f i e l d s i n Cornwall 
supported very high d e n s i t i e s of a v a i l a b l e earthworms and 
there was r e l a t i v e l y l i t t l e v a r i a t i o n i n prey a v a i l a b i l i t y 
w i t h i n these f i e l d s . 
Equally i n t e r e s t i n g was the f a c t t h a t the woodcock i n 
a predominantly arable area i n Derbyshire showed s i m i l a r 
preferences between f i e l d s , even though they had t o f l y 
longer distances t o reach the grass f i e l d s . I t seems 
pos s i b l e t h a t l o c a l d e n s i t i e s of woodcock i n w i n t e r are 
determined by the r e l a t i v e p r o p o r t i o n s of grass t o arable 
f i e l d s and t h a t w i n t e r cereal monocultures may only support 
very low d e n s i t i e s i r r e s p e c t i v e of the q u a l i t y of the 
woodland h a b i t a t . Further evidence f o r t h i s was the f i n d i n g 
t h a t the w i n t e r d e n s i t y of woodcock i n Teesdale, Co. Durham 
was c o n s i s t e n t l y higher throughout 1991/92 than the d e n s i t y 
i n NE Derbyshire. Both s i t e s experienced s i m i l a r w i n t e r 
weather and, i f anything, the minimum temperatures i n 
Teesdale were lower, so the d i f f e r e n c e i n d e n s i t y was 
probably because most of the f i e l d s at the Teesdale s i t e 
were grass. 
Woodcock e x h i b i t e d a c l e a r avoidance of f i e l d edges 
(the outer 20m) on the L i z a r d Peninsula, Cornwall where 
there were high d e n s i t i e s of foxes Vulpes vulpes. I f t h i s 
behaviour i s t y p i c a l of woodcock i n other areas throughout 
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B r i t a i n , i t c l e a r l y has important i m p l i c a t i o n s f o r farmland 
management. This i s because the edge s t r i p w i l l comprise a 
higher p r o p o r t i o n of small f i e l d s (e.g. 41% i n a 3ha f i e l d ) 
than l a r g e f i e l d s (e.g 25% i n a 9ha f i e l d ) and long, narrow 
f i e l d s w i l l have a higher p r o p o r t i o n of f i e l d edge 
(e.g. 39% i n a rectangular 6ha f i e l d measuring 500m x 120m) 
than approximately square f i e l d s of the same size (e.g. 30% 
i n a 6ha f i e l d measuring 245m x 245m). 
7.5 F a i l i n g s i n the c u r r e n t understanding of woodcock 
populations 
Present estimates of the number of breeding woodcock 
i n B r i t a i n and I r e l a n d and the p o p u l a t i o n t r e n d are s t i l l 
l a r g e l y u n r e l i a b l e because the BTO Breeding B i r d A t l a s and 
Common Birds Census methodologies are not s u i t e d t o t h i s 
species (Marchant et al. 1990, Lewis & Roberts 1993). The 
present study has shown t h a t even counts of roding males 
cannot provide an estimate of the number of breeding 
woodcock i n a given l o c a t i o n , although they may be 
s u f f i c i e n t f o r d e t e c t i n g changes i n woodcock numbers at a 
n a t i o n a l l e v e l . 
There are no obvious a l t e r n a t i v e s f o r censusing 
breeding woodcock because nests are d i f f i c u l t t o f i n d , even 
w i t h t r a i n e d dogs, and the e f f i c i e n c y of nest f i n d i n g i s 
l i k e l y t o vary i n r e l a t i o n t o the search e f f o r t employed 
w i t h i n a given area. Transect walks might be a p o s s i b i l i t y 
but woodcock are only flushed i n f r e q u e n t l y and a l a r g e 
number of walks would be r e q u i r e d i n order t o o b t a i n a 
r e l i a b l e d e n s i t y estimate. The f l u s h i n g e f f i c i e n c y i s bound 
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t o d i f f e r between d i f f e r e n t types of h a b i t a t and t h i s would 
have t o be q u a n t i f i e d . The best time f o r a transect-based 
census would be i n March, before most females s t a r t e d 
n e s t i n g , but an e r r o r would then be caused by the 
p r o p o r t i o n of Continental migrants t h a t were s t i l l present. 
Further i n f o r m a t i o n i s needed on woodcock chick 
s u r v i v a l from a l a r g e r number of breeding s i t e s t o 
determine whether the B r i t i s h woodcock p o p u l a t i o n i s indeed 
f a l l i n g short of the r e q u i r e d annual produ c t i o n of young 
and, i f so, t o what extent. The ecology of breeding 
woodcock i n c o n i f e r p l a n t a t i o n s also m e r i t s f u r t h e r 
i n v e s t i g a t i o n so t h a t a favourable management s t r a t e g y can 
be determined. 
I t seems e x t r a o r d i n a r y t h a t an e f f e c t i v e means of 
sexing the European woodcock on the basis of e x t e r n a l 
morphology has eluded b i o l o g i s t s f o r so long. I n the 
present study, a method of sexing woodcock during the 
breeding season on the basis of b i l l l e n g t h , t a i l l e n g t h 
and weight has been proposed, but t h i s r e q u i r e s f u r t h e r 
v a l i d a t i o n . U n t i l a r e l i a b l e method t h a t can be employed 
a l l year round i s devised, p o p u l a t i o n studies of the 
European woodcock w i l l continue t o be hindered by a lack of 
i n f o r m a t i o n concerning the sex r a t i o amongst d i f f e r e n t 
groups of i n d i v i d u a l s . 
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7.6 C o n t r i b u t i o n of the present study to the understanding 
of woodcock populations 
The present study i m p l i e d t h a t the B r i t i s h breeding 
woodcock pop u l a t i o n i s probably d e c l i n i n g , although the 
e r r o r s i n v o l v e d i n determining the tr e n d were such t h a t 
l i t t l e confidence can be placed i n i t . The s i z e of the 
Co n t i n e n t a l p o p u l a t i o n , gauged from the t r e n d i n the number 
of woodcock w i n t e r i n g i n B r i t a i n t h a t were shot, has 
probably increased s l i g h t l y over the p e r i o d 1961-1992. This 
was the case even a l l o w i n g f o r the increase i n pheasant 
shooting i n B r i t a i n during the 1980s. The e f f e c t of the 
increased hunting pressure on woodcock due t o the increase 
i n pheasant shooting i s d i f f i c u l t t o q u a n t i f y because i t 
depends on the p r o p o r t i o n a l increase i n the pheasant bag 
and the d e n s i t y of woodcock present i n a given area. As the 
highest d e n s i t i e s of w i n t e r i n g woodcock occur i n S England 
and Wales and the p r o p o r t i o n of f o r e i g n woodcock there i s 
g r e a t e r than i n N England and Scotland, i t i s l i k e l y t h a t 
the p r o p o r t i o n of woodcock shot t h a t were f o r e i g n b i r d s 
increased during the 1980s. 
Yeatman-Berthelot (1991) found t h a t the s i z e of the 
w i n t e r i n g p o p u l a t i o n i n France had d e c l i n e d d u r i n g 
1970-1990, but a higher p r o p o r t i o n of the woodcock 
w i n t e r i n g i n France undoubtedly o r i g i n a t e from areas 
f u r t h e r south and east than b i r d s w i n t e r i n g i n B r i t a i n . 
Evidence f o r t h i s comes from r i n g i n g recoveries of woodcock 
rin g e d i n "eastern" Europe (the former Czechoslovakia, 
Estonia, Hungary, L i t h u a n i a and Poland), 38% of which were 
recovered i n France whereas none were recovered i n B r i t a i n 
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(Henderson et al. 1993). Clausager (1972) b e l i e v e d there 
had been a decline i n the breeding woodcock populations i n 
Poland and the former Czechoslovakia. 
Henderson et al. (1993) demonstrated a d e c l i n e i n the 
hunting r a t e of woodcock i n most European c o u n t r i e s since 
the e a r l y 1960s, suggesting t h a t the poss i b l e increase i n 
the s i z e of the Continental breeding populations t h a t v i s i t 
B r i t a i n i n w i n t e r and the probable decline i n the breeding 
populations t h a t w i n t e r i n France are due t o changes i n the 
a v a i l a b i l i t y of s u i t a b l e h a b i t a t and pre d a t i o n pressure on 
the d i f f e r e n t breeding grounds. France has the highest 
hunting r a t e of a l l European countries and i s the country 
where the hunting r a t e has probably d e c l i n e d l e a s t since 
1960 (Henderson et al. 1993). I t i s t h e r e f o r e p o s s i b l e t h a t 
there has been s e l e c t i o n f o r Continental woodcock t o w i n t e r 
i n B r i t a i n instead of France. Such a s h i f t from the 
Continent, and p a r t i c u l a r l y from the Netherlands, t o 
B r i t a i n has been described f o r " w i n t e r i n g " common snipe 
Gallinago gallinago (Beintema & Miiskens 1983), a t t r i b u t e d 
t o drainage and the loss of moulting grounds i n the 
Netherlands. 
Density dependence i s important i n many animal 
populations because i t regulates the number of i n d i v i d u a l s 
i n a given p o p u l a t i o n . The present study suggested t h a t 
overwinter loss was the f a c t o r most l i k e l y t o operate i n a 
density-dependent manner i n B r i t i s h woodcock populations 
although t h i s needs s u b s t a n t i a t i n g . I f t r u e , i t i s 
i n t e r e s t i n g because i t means t h a t a l a r g e w i n t e r i n g 
p o p u l a t i o n may decrease the size of the l o c a l r e s i d e n t 
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p o p u l a t i o n t h r o u g h w i n t e r d e n s i t y - d e p e n d e n t e f f e c t s . The 
p r e s e n c e o f C o n t i n e n t a l woodcock i n w i n t e r may i n c r e a s e 
o v e r w i n t e r m o r t a l i t y among B r i t i s h woodcock a n d i s a 
p o s s i b l e f a c t o r e x p l a i n i n g why t h e B r i t i s h woodcock 
p o p u l a t i o n has d e c l i n e d a t a t i m e when t h e S c a n d i n a v i a n and 
F i n n i s h p o p u l a t i o n s a p p e a r t o have i n c r e a s e d . 
289 
SUMMARY 
1 . The c o n s t a n t a n n u a l a d u l t s u r v i v a l r a t e f o r B r i t i s h -
r i n g e d woodcock i s 0.579±0.018 (±se, n=342 r i n g r e c o v e r i e s ) 
a n d t h a t f o r f o r e i g n - r i n g e d woodcock r e c o v e r e d i n B r i t a i n 
a n d I r e l a n d i s 0.539+0.035 ( n = 1 1 3 ) . The r a t e s do n o t d i f f e r 
s i g n i f i c a n t l y . 
2. F i r s t - y e a r s u r v i v a l o f B r i t i s h woodcock i s 0.472±0.024 
(n=426 r i n g r e c o v e r i e s ) . 
3. T h e r e has been no s i g n i f i c a n t change i n t h e a n n u a l a d u l t 
s u r v i v a l r a t e o v e r t h r e e t i m e p e r i o d s s i n c e 1909: 
1909-1939, 0.606±0.023 (n=185 r e c o v e r i e s ) ; 1940-1969, 
0.561±0.064 ( n = 3 1 ) ; 1970-1990, 0.546±0.037 ( n = 1 2 6 ) . 
4. The mean f i r s t egg d a t e f o r woodcock i n B r i t a i n i s 
18 A p r i l (n=218 r e c o r d s ) and egg l a y i n g commences on 
a v e r a g e 11 days l a t e r i n S c o t l a n d t h a n i n S E n g l a n d a n d 
s e v e n d a y s l a t e r t h a n i n N E n g l a n d . The d i f f e r e n c e b e t w e e n 
t h e r e g i o n s i s s i g n i f i c a n t . 
5. N a t i o n a l d a t a s u g g e s t t h a t c l u t c h s u r v i v a l d u r i n g t h e 
26 d a y p e r i o d o f e g g - l a y i n g a n d i n c u b a t i o n i s 44%. D a t a 
f r o m D e r b y s h i r e g a ve an e s t i m a t e o f 50%. I n b o t h d a t a s e t s 
7% o f t h e eggs s u r v i v i n g t h e i n c u b a t i o n p e r i o d w e r e 
i n f e r t i l e . Mean woodcock c h i c k s u r v i v a l d u r i n g t h e 20 d a y 
p e r i o d f r o m h a t c h i n g t o f l y i n g was e s t i m a t e d a t 45% i n 
D e r b y s h i r e . 
6. The c u r r e n t a n n u a l p r o d u c t i o n o f y o u n g woodcock, 
e s t i m a t e d a t 1.14 f l e d g e d y o u n g p e r f e m a l e , i s p r o b a b l y n o t 
s u f f i c i e n t t o meet t h e r e q u i r e m e n t o f 1.78 f l e d g e d y o u n g 
p e r f e m a l e needed t o b a l a n c e t h e a n n u a l a d u l t s u r v i v a l r a t e 
o f 58%. The e r r o r a s s o c i a t e d w i t h t h e p r e s e n t e s t i m a t e o f 
t h e a n n u a l p r o d u c t i o n o f y o u n g , h o w e v e r , i s s u c h t h a t t h i s 
r e s u l t r e q u i r e s c o n f i r m a t i o n . 
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7. B r i t i s h woodcock a r e h i g h l y p h i l o p a t r i c , w i t h 76% o f 
r e c o v e r i e s (n=45) o f r i n g e d B r i t i s h c h i c k s d u r i n g M a r c h -
S e p t e m b e r i n l a t e r y e a r s w i t h i n 10km o f t h e p l a c e o f 
r i n g i n g . 
8. B r i t i s h woodcock a r e f a i t h f u l t o t h e n a t a l o r b r e e d i n g 
s i t e i n w i n t e r , e v e n d u r i n g c o l d w i n t e r s a n d c o l d s p e l l s 
w i t h i n w i n t e r s , w i t h 68% (n=388 r i n g r e c o v e r i e s ) r e c o v e r e d 
w i t h i n 30km o f t h e p l a c e o f r i n g i n g . A s m a l l component o f 
t h e B r i t i s h b r e e d i n g p o p u l a t i o n ( c . 4 % ) i s b e l i e v e d t o be 
t r u l y m i g r a t o r y , m o v i n g s o u t h w a r d s t o m a i n l a n d E u r o p e . 
9. C o n t i n e n t a l woodcock o u t n u m b e r B r i t i s h woodcock b y a b o u t 
1 0 : 1 i n w i n t e r and o r i g i n a t e f r o m t h e f o r m e r USSR ( c . 3 6 % o f 
t h e B r i t i s h w i n t e r i n g p o p u l a t i o n ) , F i n l a n d ( c . 2 5 % ) , 
Sweden ( c . 1 2 % ) and Norway ( c . 1 0 % ) . 
10. C o n t i n e n t a l m i g r a n t s s t a r t t o a r r i v e i n N B r i t a i n 
d u r i n g t h e s e c o n d week o f O c t o b e r ( e a r l i e s t f o r e i g n r i n g 
r e c o v e r y = 12 O c t o b e r ) and a b o u t t e n d a y s l a t e r i n 
S B r i t a i n . A few C o n t i n e n t a l w oodcock a r e s t i l l p r e s e n t i n 
B r i t a i n as l a t e as 15 A p r i l , b y w h i c h t i m e r e s i d e n t B r i t i s h 
w o o d c o c k have s t a r t e d b r e e d i n g . 
1 1 . A b o u t 1 1 % o f r i n g e d B r i t i s h y o u n g woodcock w e r e 
r e c o v e r e d on t h e C o n t i n e n t i n t h e b r e e d i n g s e a s o n ( M a r c h -
J u l y ) a n d, d e s p i t e t h e f a c t t h a t t h e s h o o t i n g o f r o d i n g 
b i r d s o n t h e C o n t i n e n t may have e x a g g e r a t e d t h e p r o p o r t i o n , 
t h i s s u g g e s t s t h a t some B r i t i s h w oodcock b r e e d i n 
C o n t i n e n t a l E u r o p e . T h e r e i s no e v i d e n c e t h a t C o n t i n e n t a l 
w o o d c o c k b r e e d i n B r i t a i n . 
12 . The w i n t e r i n g s i t e f i d e l i t y o f C o n t i n e n t a l w oodcock 
r e t u r n i n g t o t h e L i z a r d P e n i n s u l a , C o r n w a l l was e s t i m a t e d 
as 6 9%, on t h e b a s i s t h a t t h e a d u l t s u r v i v a l r a t e f r o m 
B r i t i s h r e c o v e r i e s o f woodcock r i n g e d i n w i n t e r ( m e a s u r i n g 
s u r v i v a l o n l y ) was 0.55+0.04 (n=105) and t h a t t h e a d u l t 
s u r v i v a l r a t e o f woodcock r i n g e d and r e c o v e r e d on t h e 
L i z a r d P e n i n s u l a ( m e a s u r i n g b o t h s u r v i v a l a n d w i n t e r i n g 
s i t e f i d e l i t y ) was 0.38±0.10 ( n = 2 9 ) . 
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13. The p r o p o r t i o n o f f i r s t - y e a r m a l e s on t h e L i z a r d 
P e n i n s u l a (65%) was h i g h e r t h a n e x p e c t e d and t h e r e was some 
e v i d e n c e o f l o n g - d i s t a n c e movements (>100km) i n v o l v i n g 
m a i n l y t h i s age and s e x c l a s s . A s i g n i f i c a n t l y h i g h e r 
p r o p o r t i o n (74%) o f f e m a l e b i r d s was f o u n d amongst t h e 
a d u l t woodcock w i n t e r i n g on t h e L i z a r d P e n i n s u l a , C o r n w a l l , 
due t o t h e s h o o t i n g o f r o d i n g m a l e s i n t h e f o r m e r USSR o r 
t o d i f f e r e n t i a l m i g r a t i o n o f t h e s e x e s . 
14 . The a r e a s o f B r i t a i n w i t h t h e h i g h e s t p r o p o r t i o n o f 
s h o o t s k i l l i n g woodcock d u r i n g 1988/89-1992/93 w e r e 
SW E n g l a n d ( 9 0 % , mean number o f s h o o t s = 3 1 ) a n d Wales ( 1 0 0 % , 
mean number o f s h o o t s = 9 ) . The l a r g e s t mean a n n u a l woodcock 
bags ( b i r d s k i l l e d / k m 2 ) d u r i n g 1988/89-1992/93 were t a k e n 
i n SW E n g l a n d ( 2 . 2 1 b i r d s / k m 2 ) and E A n g l i a (2.07 
b i r d s / k m 2 ) . 
15. A p p r o x i m a t e l y 3-5 t i m e s as many p h e a s a n t s Phasianus 
colchicus a r e s h o t p e r woodcock i n S E n g l a n d a n d Wales 
( 1 4 7 - 2 5 0 ) as i n N E n g l a n d and S c o t l a n d (40-84) . The l a r g e 
i n c r e a s e i n t h e number o f p h e a s a n t s s h o t p e r annum s i n c e 
1980 has had a g r e a t e r e f f e c t o n t h e woodcock i n N E n g l a n d 
a n d S c o t l a n d , b e c a u s e t h e p r o p o r t i o n a l i n c r e a s e i n t h e 
a n n u a l p h e a s a n t bag has been g r e a t e r i n t h e s e r e g i o n s t h a n 
i n S E n g l a n d . 
16. The s i z e o f t h e B r i t i s h w i n t e r i n g woodcock p o p u l a t i o n 
a p p e a r s t o have r e m a i n e d s t a b l e d u r i n g t h e p e r i o d 1961 t o 
1992 . 
17. L a r g e r t h a n a v e r a g e woodcock bags were t a k e n i n c o l d 
w i n t e r s i n c e n t r a l and S E n g l a n d , and r e c o v e r y o f numbers 
f o l l o w i n g t h e s e v e r e w i n t e r o f 1962/63 t o o k t h r e e y e a r s . 
The r e s u l t s o f s i m u l a t i n g a c o l d w e a t h e r s h o o t i n g b a n , 
h o w e v e r , r e v e a l e d t h a t t h e i n c r e a s e i n t h e number o f 
w o o d c o c k a l i v e a t t h e end o f t h e w i n t e r was o n l y s m a l l ( = 3 % 
w i t h s h o o t i n g m o r t a l i t y e q u a l t o 1 0 % ) . 
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18. Woodcock w i n t e r i n g on t h e L i z a r d P e n i n s u l a , C o r n w a l l 
f l e w a mean d i s t a n c e o f 322±175m (±sd, maximum 620m) t o 
f i e l d s t o f e e d a t n i g h t . E i g h t r a d i o t a g g e d woodcock e a c h 
v i s i t e d b e t w e e n one and f o u r f i e l d s o n l y d u r i n g 2 1 d a y s o f 
o b s e r v a t i o n a n d o n l y u s e d a r e a s o f 0.5-1.0ha w i t h i n e a c h 
f i e l d ( m e d i a n f i e l d s i z e 4 . 5 h a ) . 
19. On a v e r a g e , r a d i o t a g g e d woodcock were o n l y a c t i v e f o r 
17+5 m i n . / h (±se) e a c h n i g h t a n d were l e a s t a c t i v e b e t w e e n 
02.00 GMT and 06.00 GMT. On 13% o f a l l b i r d - n i g h t s , 
i n d i v i d u a l s d i d n o t f e e d , i m p l y i n g t h a t t h e woodcock h a d no 
d i f f i c u l t y o b t a i n i n g s u f f i c i e n t f o o d . 
20. Woodcock w i n t e r i n g i n C o r n w a l l (where g r a s s f i e l d s 
o u t n u m b e r a r a b l e b y a b o u t 4:1) s e l e c t e d p e r m a n e n t p a s t u r e s 
(mean d e n s i t y 26.5 b i r d s / k m 2 ) i n p r e f e r e n c e t o g r a s s l e y s 
(mean d e n s i t y 4.6 t o 15.2 b i r d s / k m 2 ) a n d w i n t e r w h e a t 
f i e l d s (mean d e n s i t y 2.4 b i r d s / k m 2 ) f o r f e e d i n g . T h i s was 
p r o b a b l y b e c a u s e o f t h e s i g n i f i c a n t d i f f e r e n c e b e t w e e n 
f i e l d t y p e s i n t e r m s o f a v a i l a b l e e a r t h w o r m b i o m a s s and 
a v a i l a b l e b i o m a s s o f o t h e r s o i l i n v e r t e b r a t e s . Woodcock i n 
D e r b y s h i r e (where a r a b l e f i e l d s o u t n u m b e r e d g r a s s f i e l d s b y 
a b o u t 18:1) s e l e c t e d g r a s s f i e l d s i n p r e f e r e n c e t o w i n t e r 
c e r e a l a n d p l o u g h e d f i e l d s , a n d an a p p r e c i a b l e p r o p o r t i o n 
o f r e s i d e n t b i r d s c o n t i n u e d t o v i s i t f i e l d s a t n i g h t as 
l a t e i n t o t h e b r e e d i n g s e a s o n as June. 
2 1 . Woodcock i n C o r n w a l l p r o b a b l y s e l e c t e d b e t w e e n 
p e r m a n e n t p a s t u r e s a n d o l d l e y s (>2 y e a r s i n g r a s s ) on t h e 
b a s i s o f t h e r e l a t i v e a v a i l a b i l i t y o f e a r t h w o r m s a n d o t h e r 
s o i l i n v e r t e b r a t e s . D u r i n g November and December 1 9 9 1 , when 
r a i n f a l l was l o w , f i e l d s w e r e s e l e c t e d a c c o r d i n g t o 
a v a i l a b l e e a r t h w o r m d e n s i t y ( m u l t i p l e r e g r e s s i o n a n a l y s i s 
r 2 = 0 . 5 0 ) , w h e r e a s i n November and December 1992, when 
r a i n f a l l was h i g h , f i e l d s w e r e s e l e c t e d a c c o r d i n g t o t h e 
a v a i l a b l e d e n s i t y o f o t h e r s o i l i n v e r t e b r a t e s ( m u l t i p l e 
r e g r e s s i o n a n a l y s i s r 2 = 0 . 2 1 ) . 
22. T h e r e was no e v i d e n c e f o r t h e s e l e c t i o n o f p a t c h e s w i t h 
a b o ve a v e r a g e s o i l i n v e r t e b r a t e d e n s i t y w i t h i n t h e 
p r e f e r r e d f i e l d s , b u t t h e o u t e r 20m zone o f f i e l d s was 
a v o i d e d , p r o b a b l y due t o a h i g h p e r c e i v e d r i s k o f p r e d a t i o n 
f r o m f o x e s Vulpes vulpes. 
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23. I n l o w l a n d m i x e d d e c i d u o u s w o o d l a n d ( D e r b y s h i r e ) d u r i n g 
t h e b r e e d i n g s e a s o n ( M a r c h - J u l y ) , woodcock u s e d s y c a m o r e 
Acer psuedoplanatus a r e a s s i g n i f i c a n t l y more d u r i n g t h e day 
( 5 4 % o f a l l r a d i o l o c a t i o n s f r o m 12 r a d i o t a g g e d b i r d s ) t h a n 
a t n i g h t ( 3 0 % o f r a d i o l o c a t i o n s ) , w hereas c o n i f e r a r e a s 
( m a i n l y S c o t s p i n e Pinus sylvestris) were u s e d 
s i g n i f i c a n t l y more a t n i g h t ( 4 8 % o f r a d i o l o c a t i o n s ) t h a n 
d u r i n g t h e day ( 1 6 % o f r a d i o l o c a t i o n s ) . 
24. C o m p o s i t i o n a l a n a l y s i s ( A e b i s c h e r e t al. 1993) o f 
d i u r n a l h a b i t a t use b y woodcock i n l o w l a n d m i x e d d e c i d u o u s 
w o o d l a n d showed t h a t home r a n g e s were n o t e s t a b l i s h e d a t 
random an d t h a t sycamore h a b i t a t c l a s s e s were p r e f e r r e d t o 
t h e c a t e g o r i e s o f b e e c h Fagus sylvaticus. T h e r e was no 
s e l e c t i o n o f p a r t i c u l a r h a b i t a t s w i t h i n home r a n g e s , b u t 
t h e edges o f s t a n d s were u t i l i z e d s i g n i f i c a n t l y more t h a n 
t h e c e n t r a l a r e a s . 
25. Woodcock f e e d i n g s i t e s w i t h i n sycamore s t a n d s a t t h e 
s t u d y s i t e i n D e r b y s h i r e were c h a r a c t e r i z e d b y a h i g h e r 
d e n s i t y o f s h r u b s ( measured as t h e number o f s h r u b stems 
w i t h i n a 3m r a d i u s o f e a c h f e e d i n g s i t e ) t h a n p a i r e d random 
s i t e s a n d a h i g h e r p e r c e n t a g e c o v e r o f dog's m e r c u r y 
Mercurialis perennis t h a n p a i r e d random s i t e s . The 
p r e f e r e n c e f o r s h r u b b y c o v e r p r o b a b l y e x p l a i n s why t h e 
edges o f s t a n d s were p r e f e r r e d b y woodcock when f e e d i n g . 
26. C o m p o s i t i o n a l a n a l y s i s o f d i u r n a l h a b i t a t use b y 
w o odcock i n t h e b r e e d i n g s e a s o n i n an a r e a o f s c a t t e r e d 
b i r c h Betula pubescens w o o d l a n d i n Angus r e v e a l e d t h a t home 
r a n g e s were n o t e s t a b l i s h e d a t random w i t h i n t h e s t u d y 
a r e a . Young b i r c h (<12m t a l l ) and m a t u r e b i r c h w i t h b r a c k e n 
Pteridium aquilinum were r a n k e d s i g n i f i c a n t l y h i g h e r t h a n 
t h e o t h e r a v a i l a b l e open h a b i t a t t y p e s and c o n i f e r i n t e r m s 
o f p r e f e r e n c e b y woodcock. H a b i t a t use w i t h i n home r a n g e s 
was n o t random and a g a i n y o u n g b i r c h was most s t r o n g l y 
s e l e c t e d . 
27. T h e r e was some e v i d e n c e t h a t t h e woodcock i n Angus 
n e s t e d i n more open h a b i t a t t h a n t h a t s e l e c t e d by f e e d i n g 
b i r d s . The mean a r e a p e r t r e e (= t h e r e c i p r o c a l o f t r e e 
d e n s i t y ) was s i g n i f i c a n t l y h i g h e r a t n e s t s i t e s and t h e r e 
was a s i g n i f i c a n t l y h i g h e r p e r c e n t a g e c o v e r o f b r a c k e n and 
h e a t h e r Calluna vulgaris. 
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28. E a r t h w o r m s f o r m e d an i m p o r t a n t component o f t h e d i e t o f 
a d u l t woodcock and c h i c k s i n Angus ( 7 1 % a n d 76% i n t e r m s o f 
b i o m a s s r e s p e c t i v e l y ) , b u t were r e l a t i v e l y l e s s i m p o r t a n t 
i n t h e d i e t o f woodcock i n D e r b y s h i r e ( 4 3 % o f t h e t o t a l 
b i o m a s s o f p r e y i t e m s i n t h e a d u l t d i e t a n d 13% o f t h e 
t o t a l b i o m a s s i n t h e c h i c k d i e t ) . Among s o i l s u r f a c e 
i n v e r t e b r a t e s , a d u l t woodcock a t b o t h s i t e s e x h i b i t e d a 
p r e f e r e n c e f o r b e e t l e l a r v a e w h i l s t woodcock c h i c k s 
e x h i b i t e d a p r e f e r e n c e f o r s p i d e r s and h a r v e s t m e n . 
29. Key and k f a c t o r a n a l y s e s u s i n g d a t a f o r f o u r m o r t a l i t y 
f a c t o r s (egg m o r t a l i t y kx, c h i c k m o r t a l i t y k3, s h o o t i n g 
m o r t a l i t y k4 and o v e r w i n t e r l o s s k5) f r o m D e r b y s h i r e f o r 
1978-1992 r e v e a l e d t h a t c h i c k m o r t a l i t y was t h e k e y f a c t o r 
a n d t h a t o v e r w i n t e r l o s s was t h e m a i n r e g u l a t o r y , o r k, 
f a c t o r . T h e r e was no e v i d e n c e t o s u g g e s t t h a t t h e a n n u a l 
p r o d u c t i o n o f y o u n g was d e n s i t y - d e p e n d e n t , b u t t h e i n c r e a s e 
i n o v e r w i n t e r l o s s w i t h i n c r e a s e d woodcock d e n s i t y 
f o l l o w i n g s h o o t i n g was s i g n i f i c a n t . The r e s u l t s o f t h e s e 
a n a l y s e s must, however, be t r e a t e d w i t h c a u t i o n due t o t h e 
d i f f i c u l t y i n e s t i m a t i n g t h e number o f b r e e d i n g f e m a l e s 
e a c h y e a r and t h e use o f a s u b j e c t i v e e s t i m a t e o f r e l a t i v e 
n e s t s e a r c h i n g e f f o r t . 
30. The maximum s u s t a i n a b l e y i e l d f o r t h e woodcock b r e e d i n g 
i n t h e D e r b y s h i r e s t u d y a r e a was e s t i m a t e d a t 22% u s i n g a 
s i m u l a t i o n model b a s e d on t h e d a t a c o l l e c t e d d u r i n g 1978-
1992. T h i s f i g u r e must be t r e a t e d w i t h c a u t i o n b u t t h e 
c u r r e n t r a t e o f h a r v e s t i n g o f t h e woodcock i n t h i s l o c a l i t y 
i s l o w ( 4 % ) and i s l i k e l y t o be w e l l b e l o w t h e maximum 
s u s t a i n a b l e y i e l d . 
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APPENDICES 
(Numbered b y c h a p t e r ) 
A p p e n d i x 2.1 R e c o v e r y d i s t r i b u t i o n s o f r i n g e d B r i t i s h 
w o o dcock a n d f o r e i g n - r i n g e d woodcock r e c o v e r e d i n B r i t a i n , 
w i t h g o o d n e s s - o f - f i t t e s t s . 
G o o d n e s s - o f - f i t t e s t s were p e r f o r m e d o n e a c h s e t o f 
d a t a t o c h e c k f o r any a g e - r e l a t e d s u r v i v a l e f f e c t s . The o n l y 
d e p a r t u r e f r o m t h e e x p e c t e d d i s t r i b u t i o n s was f o r B r i t i s h 
w o o d c o c k r i n g e d as c h i c k s , o f w h i c h t h e number s u r v i v i n g 
t h e i r f i r s t y e a r a f t e r f l e d g i n g was l o w e r t h a n e x p e c t e d . The 
a d u l t s u r v i v a l r a t e was t h e r e f o r e c a l c u l a t e d f r o m 1 A p r i l i n 
t h e y e a r f o l l o w i n g r i n g i n g , a f t e r w h i c h t i m e t h e r e w e r e no 
a g e - r e l a t e d e f f e c t s . As most o f t h e woodcock r i n g e d as 
a d u l t s w e r e c a u g h t i n autumn a n d w i n t e r , a d u l t s u r v i v a l r a t e 
f o r t h e s e b i r d s was a l s o c a l c u l a t e d f r o m 1 A p r i l i n t h e y e a r 
f o l l o w i n g r i n g i n g . 
The maximum l i f e s p a n o f any B r i t i s h - r i n g e d a d u l t o r 
f o r e i g n - r i n g e d a d u l t o r c h i c k r e c o v e r e d i n B r i t a i n was e i g h t 
y e a r s f r o m 1 A p r i l f o l l o w i n g r i n g i n g . T h e r e a r e f i v e B r i t i s h 
w o o dcock r i n g e d as c h i c k s w h i c h l i v e d l o n g e r t h a n e i g h t 
y e a r s . A l l f i v e were s h o t and i t seems l i k e l y t h a t i n a r e a s 
o f B r i t a i n where no s h o o t i n g t a k e s p l a c e t h e r e m i g h t be a 
g r e a t e r p r o p o r t i o n o f woodcock l i v i n g more t h a n e i g h t y e a r s . 
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(Appendix 2.1, continued) 
Before 
1 A p r i l Year of r e c o v e r y 
i n y e a r 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
f o l l o w i n g 
r i n g i n g 
B r i t i s h - r i n g e d c h i c k s (n=426) 
Obs. 225 | 81 48 33 12 14 5 2 1 0 1 2 1 0 0 1 










Exp. 80.0 48.2 29.0 17.5 10.5 6.3 3.8 2. 3 1. 4 0. 8 0.5 







B r i t i s h - r i n g e d a d u l t s (n=240) 
Obs. 99 | 65 35 24 11 3 1 1 0 1 













B r i t i s h - r i n g e d a d u l t s + c h i c k s (n= =666) 
Obs. 324 | 146 83 57 23 17 6 3 1 1 1 2 1 0 0 1 








F o r e i g n - r i n g e d a d u l t s + c h i c k s (n= =226) 
Obs. 113 | 54 31 11 7 5 3 0 1 1 
Exp. 53.9 28.2 14.7 7.7 4.0 












Data f o r g o o d n e s s - o f - f i t t e s t s were pooled t o ensure expected v a l u e s >5. 
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A p p e n d i x 3.1 Mean numbers o f woodcock seen p e r f i e l d a n d p e r 
n i g h t d u r i n g s p o t - l a m p c o u n t s on t h e L i z a r d P e n i n s u l a , 
C o r n w a l l i n 1990/91 a n d 1991/92. 
T r e l o w a r r e n L a n a r t h ( m a i n a r e a ) 
F i e l d / F i e l d Mean D a t e 
n i g h t code b i r d s / 
f i e l d 
Mean 
b i r d s / 
f i e l d / 
n i g h t 
F i e l d Mean D a t e 
code b i r d s / 
f i e l d 
Mean 
b i r d s / 
f i e l d / 
n i g h t 
Pre-shoot 1990/91 
1 B 2 . 60 28 Nov 1 .43 B 12 .40 3 Dec 2 . 57 
2 C 0 29 Nov 3 . 00 D 2 .40 4 Dec 3 .57 
3 D 0 30 Nov 2 . 50 E 0 .20 5 Dec 2 . 86 
4 E 2 . 00_ 1 Dec 3 .25 F 0 6 Dec 2 .71 
5 J 1 . 80 10 Dec 0 . 57 J 0 .80 7 Dec 2 . 83 
6 K 5 . 00 P 3 . 00 
7 Q 6.00 BA 1 . 25 
8 T 0 . 60 
P o s t -shoot 1990/91 
1 A 1 . 00 5 Feb 2 . 17 B 3 . 50 2 J a n 1 . 00 
2 B 1.75 6 Feb 2 .00 D 0 10 Feb 1 . 00 
3 C 0 7 Feb 1 . 17 J 0 
4 J 1 . 00 8 Feb 0 . 33 P 0 . 50 
5 K 1.25 
6 Q 3 .25 
P r e - shoot 1991/92 
1 B 1.17 5 Nov 0 .29 B 7 .50 6 Nov 1 .60 
2 C 0 8 Nov 0 . 14 D 0 .25 1 Dec 1 . 75 
3 D 0.33 11 Nov 1 . 00 J 0 . 50 6 Dec 2 . 00 
4 E 0.33 12 Nov 0 .43 P 1 . 00 11 Dec 2 . 60 
5 K 1 . 00 1 Dec 0 . 14 Z 0 .33 
6 M 0 2 Dec 0 . 67 
7 T 0 .17 
P o s t - s h o o t 1991/92 
1 C 0 10 Feb 0 . 83 B 5 . 00 5 Feb 3 . 75 
2 D 2 . 00 11 Feb 0 . 71 AB 4 .00 7 Feb 1 . 75 
3 E 1 . 00 12 Feb 0 . 67 AC 0 13 Feb 2 .50 
4 J 0 .33 AD 3 .33 
5 L 0 
6 M 0 
7 P 1. 67 
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A p p e n d i x 3 . 2 ( a ) R e c o v e r y t a b l e f o r woodcock r i n g e d a t 
T r e l o w a r r e n a n d L a n a r t h , C o r n w a l l a n d s h o t a t T r e l o w a r r e n 
a n d L a n a r t h i n w i n t e r s s u b s e q u e n t t o t h e w i n t e r o f r i n g i n g . 
D a t a f o r X 2 g o o d n e s s - o f - f i t t e s t p o o l e d t o e n s u r e e x p e c t e d 
v a l u e s >2 ( S n e d e c o r & C o c h r a n 1980) • 
Y e a r o f 
r i n g i n g 
1 
Y e a r 
2 
o f r e c o v e r y 
3 4 5 
1978/79 2 2 0 0 0 
1979/80 3 0 0 0 1 
1 9 8 0 / 8 1 0 0 0 0 0 
1986/87 0 1 0 0 0 
1987/88 5 1 1 0 0 
1988/89 3 1 0 0 
1 9 9 0 / 9 1 2 1 
1991/92 6 
T o t a l 2 1 6 1 o • 1 
2 
E x p e c t e d 
d i s t r i b u t i o n 20 6 6. 0 1 . 8 0 . 5 0.2 
2 . 5 
G o o d n e s s - o f 
- f i t t e s t X 2 = 0.1 1 , d f =2, N.S. 
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A p p e n d i x 3.2(b) R e c o v e r y d i s t r i b u t i o n w i t h g o o d n e s s - o f - f i t 
t e s t f o r woodcock r i n g e d t h r o u g h o u t B r i t a i n i n w i n t e r a n d 
r e c o v e r e d i n y e a r s s u b s e q u e n t t o t h e w i n t e r o f r i n g i n g . 
D a t a f o r X 2 g o o d n e s s - o f - f i t t e s t p o o l e d t o e n s u r e e x p e c t e d 
v a l u e s >5. 
Y e a r o f r e c o v e r y 
1 2 3 4 5 6 7 8 9 
O b s e r v e d 
d i s t r i b u t i o n 40 37 16 7 2 1 1 0 1 
= 5 
E x p e c t e d 
d i s t r i b u t i o n 49 . 7 26.2 13 .8 7.3 3.8 2.0 1 . 1 0 . 6 0.3 
= 7 . 8 
G o o d n e s s - o f 
- f i t t e s t X 2=7.70, d f =4, N.S . 
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A p p e n d i x 4.1 Summary o f t h e d a t a o b t a i n e d f o r t h e woodcock 
r a d i o t r a c k e d i n C o r n w a l l d u r i n g 1992. 
R a d i o Age o f D a t e s o f T o t a l N o c t u r n a l D i u r n a l F a t e 
f r e q . b i r d t r a c k i n g , d ays r a d i o - r a d i o - o f 
1992 l o c a t i o n s l o c a t i o n s b i r d 
L a n a r t h 
218 A d u l t 2 1 Nov. 
12 Dec. 
22 29 
228 l s t - y r 2 1 Nov. 
12 Dec. 
22 22 R e c a p t u r e d 
12 Dec. 
247 l s t - y r 19 Nov. 
8 Dec. 
20 13 6 S i g n a l l o s t 
8 Dec. 
319 l s t - y r 24 Nov. 
12 Dec. 
19 27 
349 l s t - y r 2 1 Nov. 
12 Dec. 
22 30 S h o t 
31 Dec 
T r e l o w a r r e n 
298 l s t - y r 23 Nov.-
2 Dec. 
10 10 D i e d 
4 Dec 
309 l s t - y r 26 Nov. 
12 Dec. 
17 3 1 
336 l s t - y r 23 Nov. 
12 Dec. 
20 25 S h o t 
m i d - J a n . 
1993 
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A p p e n d i x 5.1 S e x i n g woodcock d u r i n g t h e b r e e d i n g s e a s o n . 
The s e x e s i n woodcock a r e m o r p h o l o g i c a l l y s i m i l a r a n d 
t h e r e a r e no o b v i o u s d i f f e r e n c e s i n p l u m a g e . A number o f 
s t u d i e s h a ve e x a m i n e d ways o f d i s t i n g u i s h i n g t h e s e x e s o n 
t h e b a s i s o f b i o m e t r i c s ( C l a u s a g e r 1973a, McCabe & 
B r a c k b i l l 1973, S t r o n a c h e t al. 1974, R o c h f o r d 1 9 8 2 ) , b u t 
a l l h a v e met w i t h l i m i t e d s u c c e s s . I n t h e p r e s e n t s t u d y , a 
s m a l l s a m p l e (n=25) o f b i r d s s h o t i n w i n t e r a n d s e x e d b y 
d i s s e c t i o n y i e l d e d a d i s c r i m i n a n t f u n c t i o n b a s e d on t a r s u s 
l e n g t h a n d w i n g l e n g t h w h i c h c o r r e c t l y c l a s s i f i e d 72% o f 
c a s e s : 
Y= 0.444(TARSUS) - 0.113(WING) + 4.186 
w h e re t a r s u s l e n g t h was t a k e n as t h e d i s t a n c e f r o m t h e 
t i b i o - t a r s a l j o i n t t o t h e f i r s t s c a l e b e f o r e t h e s e p a r a t i o n 
o f t h e f i r s t t o e , m e a sured t o 0.05mm w i t h d i a l c a l i p e r s , a n d 
w i n g l e n g t h was t h e maximum f l a t t e n e d c h o r d , m e a s u r e d t o t h e 
n e a r e s t mm. 
D u r i n g t h e b r e e d i n g s e a s o n , however, woodcock c o u l d be 
s e x e d w i t h g r e a t e r c e r t a i n t y on t h e b a s i s o f m e a s u r e m e n t s 
f r o m a s a m p l e o f 4 7 r a d i o t a g g e d b i r d s t h a t w e r e s e x e d 
a c c o r d i n g t o t h e i r s u b s e q u e n t b e h a v i o u r ( i . e . r o d i n g o r 
i n c u b a t i n g eggs and r e a r i n g c h i c k s ) . The b i r d s w e r e a l l 
c a p t u r e d d u r i n g M arch-June and y i e l d e d a d i s c r i m i n a n t 
f u n c t i o n t h a t c o r r e c t l y c l a s s i f i e d 94% o f c a s e s on t h e b a s i s 
o f t h r e e m e a s u r e m e n t s : 
Y= 0 . 0 8 3 ( B I L L ) - 0 . 0 9 1 ( T A I L ) + 0.040(WEIGHT) - 9.607 
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w h e r e b i l l l e n g t h was t a k e n as t h e d i s t a n c e f r o m t h e b i l l 
t i p t o t h e f e a t h e r m a r g i n , m e a s u r e d t o t h e n e a r e s t mm, a n d 
t a i l l e n g t h was m e a s u r e d t o t h e n e a r e s t mm, w e i g h t t o t h e 
n e a r e s t gram. 
W e i g h t was c l e a r l y t h e most i m p o r t a n t o f t h e f a c t o r s , 
as shown b y t h e s t a n d a r d i z e d d i s c r i m i n a n t f u n c t i o n 
c o e f f i c i e n t s (WEIGHT 0.929, T A I L 0.405, B I L L 0 . 3 2 6 ) . T h i s 
was b e c a u s e f e m a l e s were h e a v i e r p r i o r t o e g g - l a y i n g a n d 
m a i n t a i n e d a r e l a t i v e l y c o n s t a n t w e i g h t a f t e r i n c u b a t i o n , 
w h e r e a s m a l e s were i n i t i a l l y l i g h t e r and c o n t i n u e d t o l o s e 
w e i g h t d u r i n g t h e c o u r s e o f t h e b r e e d i n g s e a s o n i n r e l a t i o n 
t o t h e i r r o d i n g a c t i v i t y . 
The c l a s s i f i c a t i o n o f c a s e s was as f o l l o w s : 
P r e d i c t e d s e x 
A c t u a l s e x Male Female 
M a l e (n =33) 31 ( 9 3 . 9 % ) 2 ( 6 . 1 % ) 
Female (n=14) 1 ( 7 . 1 % ) 13 ( 9 2 . 9 % ) 
T h i s d i s c r i m i n a n t f u n c t i o n c a n n o t be u s e d t h r o u g h o u t 
t h e y e a r b e c a u s e t h e w e i g h t s o f b o t h s e x e s a r e v e r y v a r i a b l e 
i n w i n t e r . 
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A p p e n d i x 5.2 Mean d r y w e i g h t s (mg) o f i n d i v i d u a l p r e y 
i n v e r t e b r a t e s u s e d t o e s t i m a t e c o m p o s i t i o n o f t h e woodcock 
d i e t i n t e r m s o f b i o m a s s . 
I n v e r t e b r a t e t a x o n D r y w e i g h t 
(mg) 
L u m b r i c i d a e 3 1 .4 
S c a r a b a e i d a e ( a d u l t ) 11 . 6 
C a r a b i d a e ( a d u l t ) 26 . 9 
C u r c u l i o n i d a e ( a d u l t ) 2 . 5 
S t a p h y l i n i d a e ( a d u l t ) 4 . 1 
O t h e r a d u l t C o l e o p t e r a 1 . 0 
C o l e o p t e r a l a r v a e 9 . 0 
F o r m i c i d a e 1 . 7 
L e p i d o p t e r a l a r v a e 7 . 7 
A r a n e a e & O p i l i o n e s 3 .4 
D i p l o p o d a 29 . 4 
O n i s c o i d e a 8 . 9 
D i p t e r a 1 . 2 
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A p p e n d i x 5.3 P e r c e n t a g e h a b i t a t c o m p o s i t i o n w i t h i n t h e t o t a l 
s t u d y a r e a , w i t h i n e a c h woodcock minimum c o n v e x p o l y g o n 
(MCP) home r a n g e and as d e f i n e d b y t h e d i s t r i b u t i o n o f 
r a d i o l o c a t i o n s f o r e a c h b i r d a t W h i t w e l l Wood. 
B i r d Sycamore Sycamore Sycamore Beech Beech Beech C o n i f e r 
no. & b r a m b l e & dog's c o p p i c e &bram. &rams. & b l u e -
m e r c u r y b e l l s 
S t u d y a r e a 
26 . 1 25 . 1 2 . 7 8 .4 12 . 6 18 .3 6 . 8 
MCP home r a n g e 
1 3 1 . 8 23 . 9 3 . 0 2 .4 11 . 6 17 . 8 9 . 5 
2 27 . 1 63 . 6 0 . 0 0 . 0 8 . 1 1 .2 0 . 0 
3 23 . 6 20 . 0 2 . 2 10 . 1 4 . 0 23 .4 16 .7 
4 43 . 2 25 . 8 6 .3 4 .3 14 . 6 5 .6 0 . 2 
5 36 . 7 29 . 0 4 . 0 3 . 1 7 . 0 12 . 4 7 . 8 
6 15 . 1 28 . 0 1 . 9 8 . 1 0 . 0 35 . 8 11 . 0 
7 29 . 1 17 . 1 3 . 6 6 .3 6 . 0 23 . 6 14 . 3 
8 26 . 5 21 .3 2 . 7 9 . 6 6 . 0 22 .4 11 . 6 
9 12 .3 23 . 3 1 . 9 13 .2 2 .4 27 . 7 19 . 5 
10 26 .2 25 . 1 2 .1 3 .4 4 . 5 18 .2 20 . 5 
11 12 . 7 10 . 2 2 . 0 18 . 9 10 . 6 32 . 5 12 . 9 
12 47 .2 31 .3 3 . 9 2 . 1 0 . 6 8 .5 6 .4 
13 8 .8 27 . 3 3 . 2 3 .4 0 .8 34 . 9 21 . 5 
14 20 . 0 29 . 0 2 . 0 3 .4 0 . 9 29 . 1 15 . 6 
R a d i o l o c a t i o n s 
1 30 . 6 30 . 6 0 . 0 13 . 9 5 . 6 5 . 6 13 . 9 
2 5 . 6 80 . 6 0 . 0 0 . 0 5 . 6 8 .3 0 . 0 
3 26 . 9 30 . 8 3 . 8 0 . 0 0 . 0 7 . 7 30 . 8 
4 48 .5 33 . 3 3 . 0 3 . 0 0 . 0 12 . 1 0 . 0 
5 40 . 0 40 . 0 0 . 0 0 . 0 8 . 0 12 . 0 0 . 0 
6 2 .6 7 . 7 2 . 6 5 . 1 0 . 0 35 . 9 46 . 2 
7 23 .2 14 . 3 12 .5 3 . 6 8 . 9 1 . 8 35 . 7 
8 24 .2 15 .2 4 . 0 8 . 1 2 . 0 40 .4 6 . 1 
9 6 .8 52 .3 0 . 0 2 .3 6 .8 20 . 5 11 .4 
10 14 .5 59 .4 1 .4 2 . 9 5 . 8 10 . 1 5 . 8 
11 8 .3 8 .3 0 . 0 12 .5 4 .2 39 . 6 27 . 1 
12 19 .4 25 . 0 5 . 6 0 . 0 8 .3 22 .2 19 .4 
13 11 . 8 17 . 6 0 . 0 0 . 0 5 . 9 29 .4 35 . 3 
14 66 .7 0 . 0 0 . 0 9 . 5 0 . 0 14 . 3 9 .5 
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Appendix 5.4 Percentage o f edge and non-edge h a b i t a t s w i t h i n 
W h i t w e l l Wood, w i t h i n each woodcock minimum convex p o l y g o n 
(MCP) home range and as r e p r e s e n t e d by t h e d i s t r i b u t i o n o f 
r a d i o l o c a t i o n s f o r each b i r d . 
B i r d MCP home range R a d i o l o c a t i o n s 
number — 
Edge Non-edge Edge Non-edge 
1 52 .5 47 .5 41 7 58 3 
2 22 . 9 77 . 1 47 2 52 8 
3 58 . 6 41 .4 70 4 29 6 
4 49 .4 50 . 6 60 6 39 4 
5 47 .8 52 .2 56 0 44 0 
6 45 . 9 54 . 1 33 3 66 7 
7 64 . 1 35 . 9 75 0 25 0 
8 51 . 8 48 .2 44 4 55 6 
9 55 . 0 45 . 0 65 9 34 1 
10 57 .4 42 . 6 82 6 17 4 
11 59 . 6 40 .4 75 0 25 0 
12 47 . 7 52 .3 72 2 27 8 
13 51 . 8 48 .2 47 1 52 9 
14 44 . 7 55 .3 47 6 52 4 
Study 
area 51 . 5 48 .5 
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Appendix 5„5(a) Matrix of means and standard e r r o r s of 
l o g - r a t i o d i f f e r e n c e s averaged over a l l f i v e a d u l t woodcock 
a t Whitwell Wood f o r comparing prey occurrence i n the d i e t 
w i th a v a i l a b i l i t y i n the study a r e a ( t o p ) . The i m p l i c a t i o n s 
f o r prey preference are given by replacement of each element 
by i t s s i g n and ranking the prey taxa according to the 
number of p o s i t i v e v a l u e s (bottom). None of the means d i f f e r 
s i g n i f i c a n t l y from zero ( d f = 3 ) . 
C a r a b i d a e Staphy-
l i n i d a e 
C o l e o p t e r a 
l a r v a e 
A raneae & 
O p i l i o n e s 
D i p l o p o d a O n i s -
c o i d e a 










S t a p h y -











C o l e o p t e r a 











Ara n e a e & 































C a r a b i d a e Staphy-
l i n i d a e 
C o l e o p t e r a 
l a r v a e 
A r a n e a e & 
O p i l i o n e s 
D i plopoda O n i s - Rank 
c o i d e a 
C a r a b i d a e - - - - - 0 
S t a p h y -
l i n i d a e 
+ - - - - 1 
C o l e o p t e r a 
l a r v a e 
+ - + + 5 
A r a n e a e & 
O p i l i o n e s 
+ - - + - 3 
D i p l o p o d a - - - 2 
O n i s c o i d e a + - + + 4 
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Appendix 5 = 5 (b) Jacobs (1974) p r e f e r e n c e i n d e x v a l u e s based 
on p r e y s e l e c t i o n i n t h e d i e t o f a d u l t woodcock a t W h i t w e l l 
Wood. 
D e f i n i t i o n s o f p, r and t h e method o f c a l c u l a t i n g D a r e 
g i v e n i n t h e methods o f Chapter 5. The i n d e x ranges f r o m 
-1 t o +1 i n d i c a t i n g complete avoidance and e x c l u s i v e c h o i c e 
r e s p e c t i v e l y . Zero i n d i c a t e s t h a t a p r e y t y p e was used i n 
p r o p o r t i o n t o i t s abundance i n t h e s t u d y area. The p r e y t a x a 
have been o r d e r e d from most p r e f e r r e d (5) t o l e a s t p r e f e r r e d 
(0) f o r comparison w i t h t h e r a n k i n g produced by t h e 
c o m p o s i t i o n a l a n a l y s i s . 
Prey t a x o n A v a i l a b i l i t y % f r e q u e n c y P r e f e r e n c e Rank 
i n s t u d y i n d i e t r i n d e x D 
area (%) p 
Carabidae ( a d u l t ) 12 6 3 .4 -0 61 0 
S t a p h y l i n i d a e ( a d u l t ) 18 7 19 .8 0 04 4 
C o l e o p t e r a l a r v a e 3 0 15 . 6 0 71 5 
Araneae & O p i l i o n e s 44 4 41 . 8 -0 05 2 = 
D i p l o p o d a 13 1 12 .0 -0 05 2 = 
O n i s c o i d e a 8 1 7 . 2 -0 06 1 
323 
Appendix 5 . 6 ( a ) Matrix of means and standard e r r o r s of 
l o g - r a t i o d i f f e r e n c e s averaged over four woodcock c h i c k s a t 
Whitwell Wood f o r comparing prey occurrence i n the d i e t with 
a v a i l a b i l i t y i n the study area ( t o p ) . The i m p l i c a t i o n s f o r 
prey preference are given by replacement of each element by 
i t s s i g n and ranking the prey taxa according to the number 
of p o s i t i v e v a l u e s (bottom). None of the means d i f f e r 
s i g n i f i c a n t l y from zero ( d f = 2 ) . 
C a r a b i d a e Staphy- Araneae & Diplopoda O n i s c o i d e a 
l i n i d a e O p i l i o n e s 
C a r a b i d a e 2 .182 -0.749 2.251 -1.957 
= 2 .686 ±1.550 ±1.998 +1.867 
S t a p h y - -2 .182 -2.931 0.069 -0.225 
l i n i d a e ±2 .686 ±1.611 ±2.036 ±1.907 
Araneae & 0 . 749 2 .931 2.999 0.303 
O p i l i o n e s ±1 .550 ±1 .611 ±2.327 ±2.650 
D i p l o p o d a -2 .251 -0 .069 -2.999 -0.294 
±1 .998 ±2 .036 ±2.327 +0.180 
O n i s c o i d e a 1 .957 0 . 225 -0.303 0.294 
S i .867 ±1 .907 ±2.650 +0.180 
C a r a b i d a e Staphy- Araneae & Diplopoda O n i s c o i d e a Rank 
l i n i d a e O p i l i o n e s 
C a r a b i d a e - - + + 3 
S t a p h y - - - + - 1 
l i n i d a e 
A r a n e a e & + + + 4 
O p i l i o n e s 
D i p l o p o d a - - o 
O n i s c o i d e a + 2 
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Appendix 5.6(b) Jacobs (1974) p r e f e r e n c e i n d e x v a l u e s based 
on p r e y s e l e c t i o n i n t h e d i e t o f woodcock c h i c k s a t W h i t w e l l 
Wood. 
D e f i n i t i o n s o f p, r and t h e method o f c a l c u l a t i n g D are 
g i v e n i n t h e methods o f Chapter 5. The i n d e x ranges from 
-1 t o +1 i n d i c a t i n g complete avoidance and e x c l u s i v e c h o i c e 
r e s p e c t i v e l y . Zero i n d i c a t e s t h a t a p r e y t y p e was used i n 
p r o p o r t i o n t o i t s abundance i n t h e s t u d y area. The p r e y t a x a 
have been o r d e r e d from most p r e f e r r e d (4) t o l e a s t p r e f e r r e d 
(0) f o r comparison w i t h t h e r a n k i n g produced by t h e 
c o m p o s i t i o n a l a n a l y s i s . 
Prey t a x o n A v a i l a b i l i t y % f r e q u e n c y P r e f e r e n c e Rank 
i n s t u d y i n d i e t r i n d e x D 
area (%) p 
Carabidae ( a d u l t ) 13 . 0 10 6 -0 .12 2 
S t a p h y l i n i d a e ( a d u l t ) 19 . 3 21 5 0 . 07 3 
Araneae & O p i l i o n e s 45 . 8 54 4 0 . 17 4 
D i p l o p o d a 13 . 5 9 0 -0" .22 1 
O n i s c o i d e a 8 .4 4 5 -0 . 32 0 
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Appendix 5.7 Percentage h a b i t a t c o m p o s i t i o n w i t h i n t h e t o t a l 
s t u d y area, w i t h i n each woodcock minimum convex p o l y g o n 
(MCP) home range and as d e f i n e d by t h e d i s t r i b u t i o n o f 
r a d i o l o c a t i o n s f o r each b i r d a t M i l l d e n . 
B i r d Mature Mature Young C o n i f e r Juncus Heather Rough & 
no. b i r c h & b i r c h & b i r c h f l u s h improved 
b r a c k e n g r a s s g r a z i n g 
Study area 
8.2 9 .4 3 . 6 3 .4 9 .5 23 . 8 42 . 0 
MCP home range 
1 19 .3 6 . 8 10 . 5 4 .3 4 .5 20 . 7 33 . 9 
2 7.8 9 .3 16 . 0 0 . 0 15 . 7 8 .2 43 . 0 
3 33 .2 11 .4 13 . 6 0 . 0 11 . 6 20 .3 9 . 9 
4 15.7 6 .2 3 . 7 6 .3 5 .4 23 . 5 39 .2 
5 15 .4 11 . 1 41 .2 0 . 0 11 .4 4 . 0 16 . 9 
6 11.4 14 . 0 34 .2 0 . 0 11 .7 0 . 0 28 . 8 
7 12 .3 8 . 9 16 .4 1 .3 4 .3 20 . 8 36 . 0 
8 12 .5 8 . 7 16 . 8 0 . 0 12 . 0 24 . 9 24 . 9 
9 8 .1 17 . 1 7 . 0 2 . 9 10 .2 8 .3 46 .4 
10 19 .2 4 . 9 0 . 6 14 . 2 1 .6 1 . 8 57 . 5 
R a d i o l o c a t i o n s 
1 75 . 6 7 . 1 14 . 1 2 .4 0 . 5 0 . 0 0 . 0 
2 0 . 0 2 .3 95 . 5 0 . 0 1 . 1 1 . 1 0 . 0 
3 40 . 6 15 . 6 15 . 7 0 . 0 0 . 0 28 . 1 0 . 0 
4 58 .5 14 .2 18 . 6 6 . 6 1 . 0 1 . 0 0 . 0 
5 0 . 0 46 .4 53 . 6 0 . 0 0 . 0 0 . 0 0 . 0 
6 0 . 0 7 . 5 92 . 5 0 . 0 0 . 0 0 . 0 0 . 0 
7 30.2 11 .4 54 . 7 3 . 8 0 . 0 0 . 0 0 . 0 
8 17.0 6 .4 44 . 7 0 . 0 10 . 6 21 .3 0 . 0 
9 21. 3 33 .3 33 . 3 0 . 0 3 . 0 0 . 0 9 .1 
10 32 .2 19 .4 0 . 0 25 . 8 0 . 0 3 .2 19 . 4 
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Appendix 5.8 Jacobs (1974) p r e f e r e n c e i n d e x v a l u e s based on 
p r e y s e l e c t i o n i n t h e d i e t o f a d u l t woodcock a t M i l l d e n . 
D e f i n i t i o n s o f p, r and t h e method o f c a l c u l a t i n g D are 
g i v e n i n t h e methods o f Chapter 5. The i n d e x ranges from 
-1 t o +1 i n d i c a t i n g complete avoidance and e x c l u s i v e c h o i c e 
r e s p e c t i v e l y . Zero i n d i c a t e s t h a t a p r e y t y p e was used i n 
p r o p o r t i o n t o i t s abundance i n t h e s t u d y area. The p r e y t a x a 
have been o r d e r e d f r o m most p r e f e r r e d (4) t o l e a s t p r e f e r r e d 
(0) f o r comparison w i t h t h e r a n k i n g produced by t h e 
c o m p o s i t i o n a l a n a l y s i s . 
Prey t a x o n A v a i l a b i l i t y % f r e q u e n c y P r e f e r e n c e Rank 
i n s t u d y i n d i e t r i n d e x D 
area (%) p 
Carabidae ( a d u l t ) 11 . 9 7 . 0 -0 28 0 
S t a p h y l i n i d a e ( a d u l t ) 14 . 9 16 . 8 0 07 3 
Other a d u l t C o l e o p t e r a 21 .8 21 . 0 -0 02 1 
C o l e o p t e r a l a r v a e 8 .4 11 .3 0 16 4 
Araneae & O p i l i o n e s 43 . 1 43 . 9 0 02 2 
327 
Lx 5 o 9 ( a ) Matrix of means and standard e r r o r s of 
l o g - r a t i o d i f f e r e n c e s averaged over s i x woodcock c h i c k s a t 
Millden f o r comparing prey occurrence i n the d i e t with 
a v a i l a b i l i t y i n the study area ( t o p ) . The i m p l i c a t i o n s f o r 
prey preference are given by replacement of each element by 
i t s s i g n and ranking the prey taxa according to the number 
of p o s i t i v e v a l u e s (bottom). 
C a r a b i d a e S t a p h y - O t h e r C o l e o p t e r a Araneae & D i p l o O n i s c 
l i n i d a e C o l e o p t e r a l a r v a e O p i l i o n e s -poda - o i d e a 
C a r a b i d a e -1 779 -1 .780 -0 .855 -3 .365 3 .051 -0 .47? 
±1 065 ±0 .919 ±1 .437 ±1 .148 rO .889 ±1 .289 
S t a p h y - 1 .779 -0 .001 0 .924 -1 .586 4 .830 1 .300 
l i n i d a e ±1 .065 ±1 .625 ±1 .868 ±1 .276 ±1 .180 ±1 .204 
O t h e r 1 .780 0. 001 0 .925 -1 .585 4 .831 1 .301 
C o l e o p t e r a ±0 . 919 ±1. 625 ±1 .196 ±0" .907 ±1 .071 ±1 .167 
C o l e o p t e r a 0 .855 -0. 924 -0 .925 -2 .510 3 .906 . 0 . 376 
l a r v a e ±1 .437 ±1. 868 + 1 .196 ±1 .493 +0 .978 + 1 .438 
Araneae & 3 .365 1. 586 1 .585 2 .510 6 .416 2 .886 
O p i l i o n e s ±1 .148 ±1. 276 ±0 .907 ±1 . 493 ±1 .171 + 1 .190 
Di p l o p o d a -3 .051 -4. 830 -4 .831 -3 .906 -6 .416 -3 .530 
±0 .889 ±1. 180 ±1 071 ±0 .978 ±1 .171 ±0 .874 
O n i s c o i d e a 0 .479 -1. 300 -1 301 -0 376 -2 .886 3 .530 
±1 .289 ±1. 204 ±1 167 ±1 438 ±1 .190 ±0 .874 
C a r a b i d a e s t a p h y - Other C o l e o p t e r a Araneae & D i p l o O n i s c Rank 
l i n i d a e C o l e o p t e r a l a r v a e O p i l i o n e s -poda - o i d e a 
C a r a b i d a e 
S t a p h y -
l i n i d a e 
O t h e r 
C o l e o p . 
C o l e o p . 
l a r v a e 
A raneae 
& O p i l . 
D i p l o p o d a 
O n i s c 
- o i d e a 
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Appendix 5.9(b) Prey t a x a ranked a c c o r d i n g t o t h e i r 
s e l e c t i o n by woodcock c h i c k s a t M i l l d e n , showing where 
d i f f e r e n c e s between ranks are s i g n i f i c a n t . Ranks w h i c h do 
n o t d i f f e r s i g n i f i c a n t l y (p>0.05) a c c o r d i n g t o t h e m a t r i c e s 
i n Appendix 5.9(a) are ass i g n e d t h e same l e t t e r i n t h e 
"ranks d i f f e r " column. 
Rank Prey t a x o n Ranks d i f f e r 
6 Araneae & O p i l i o n e s a 
5 Other a d u l t C o l e o p t e r a a Jb 
4 S t a p h y l i n i d a e ( a d u l t ) a b 
3 C o l e o p t e r a l a r v a e a b 
2 Onis c o i d e a a b 
1 Carabidae ( a d u l t ) b 
0 Diplo p o d a 
Appendix 5.9(c) Jacobs (1974) p r e f e r e n c e i n d e x v a l u e s based 
on p r e y s e l e c t i o n i n t h e d i e t o f a d u l t woodcock a t W h i t w e l l 
Wood. 
D e f i n i t i o n s o f p, r and t h e method o f c a l c u l a t i n g D are 
g i v e n i n t h e methods o f Chapter 5. The i n d e x ranges from 
-1 t o +1 i n d i c a t i n g complete avoidance and e x c l u s i v e c h o i c e 
r e s p e c t i v e l y . Zero i n d i c a t e s t h a t a p r e y t y p e was used i n 
p r o p o r t i o n t o i t s abundance i n t h e s t u d y area. The p r e y t a x a 
have been o r d e r e d f r o m most p r e f e r r e d (6) t o l e a s t p r e f e r r e d 
(0) f o r comparison w i t h t h e r a n k i n g produced by t h e 
c o m p o s i t i o n a l a n a l y s i s . 
Prey t a x o n A v a i l a b i l i t y % f r e q u e n c y P r e f e r e n c e Rank 
i n s t u d y i n d i e t r i n d e x D 
area (%) p 
Carabidae ( a d u l t ) 4 .8 4 .5 -0 . 03 1 
S t a p h y l i n i d a e ( a d u l t ) 6 . 0 14 .8 0 .46 4 
Other a d u l t C o l e o p t e r a 8 . 8 11 . 0 0 . 12 3 
C o l e o p t e r a l a r v a e 3 .4 10 .2 0 . 53 5 
Araneae & O p i l i o n e s 17 .4 53 . 5 0 . 69 6 
Di p l o p o d a 56 .2 2 .5 -0 . 96 0 
Oni s c o i d e a 3 .4 3 .5 0 . 02 2 
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Appendix 6.1 The t o t a l number o f woodcock n e s t s and broods 
f o u n d a t W h i t w e l l Wood, D e r b y s h i r e p r i o r t o 15 May d u r i n g 
1978-1992 and t h e e s t i m a t e d number o f b r e e d i n g females each 
y e a r . 
Year Number o f Number o f Number o f C o r r e c t i o n E s t i m a t e d 
n e s t s found n e s t s found broods f o r n e s t number o f 
d u r i n g p r e d a t e d l o c a t e d s e a r c h i n g b r e e d i n g 
i n c u b a t i o n e f f o r t females 
1978 6 1 3 x2 20 
1979 4 1 0 x3 15 
1980 2 0 2 x3 12 
1981 1 0 1 x3 6 
1982 2 0 1 x3 9 
1983 10 0 1 x2 22 
1984 3 0 2 x3 15 
1985 6 1 " 1 x2 16 
1986 8 1 0 x2 18 
1987 2 0 2 x2 8 
1988 9 0 5 x l 14 
1989 12 0 4 x l 16 
1990 4 0 8 x l 12 
1991 4 2 2 x l 8 
1992 5 1 1 x l 7 
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Appendix 6.2 Numbers o f f u l l - g r o w n woodcock r i n g e d a t 
W h i t w e l l Wood, D e r b y s h i r e each s p r i n g d u r i n g 1978-1992 and 
annual e s t i m a t e s o f t h e p r o p o r t i o n shot d u r i n g t h e w i n t e r . 
The number o f r i n g e d b i r d s a t r i s k each y e a r has been 
c a l c u l a t e d u s i n g a c o n s t a n t annual s u r v i v a l r a t e o f 0.58 and 
th e assumption" has been made t h a t a l l r e c o v e r i e s were 
r e p o r t e d . 
Year Number o f Number o f Number o f % o f b i r d s 
f u l l - g r o w n r i n g e d b i r d s r i n g e d a t r i s k t h a t 
woodcock a t r i s k woodcock were shot 
r i n g e d shot 
1978 26 26 1 3 . 8 
1979 15 30 3 10 . 0 
1980 24 42 3 7 .1 
1981 25 44 0 0 
1982 0 23 2 8" . 7 
1983 0 9 0 0 
1984 5 5 0 0 
1985 10 13 1 7 . 7 
1986 27 35 0 0 
1987 20 39 4 10 .3 
1988 19 40 2 5 . 0 
1989 7 25 0 0 
1990 17 27 1 3 . 7 
1991 19 31 0 0 
1992 10 27 0 0 
Means 14 . 9 27 . 7 1.13 3 . 75 
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Appendix S„3 Program l i s t i n g f o r the d e t e r m i n i s t i c woodcock 
population model, w r i t t e n i n Borland Turbo P a s c a l v.7.0, 
program Woodcock (in p u t , output, R e s u l t s ) ; 
c o nst 
C l u t c h = 3.95; 
K l = 0.2375; 
K3 = 0.4018; 
K4 = 0.017; 
v a r 
Year,X: I n t e g e r ; 
Sprpop,Autpop,Eggs,Chicks,Pshoot: R e a l ; 
K2,K5,Leggs,Lchicks,Laut,Lps : R e a l ; 
Klsurv,K2surv,K3surv,K4surv,K5surv: R e a l ; 
Y1,Y2,F1,F2: R e a l ; 
Fern,Young,Autfern,Sprfem: R e a l ; 
Femsurv,Femsucc,Femfail: R e a l ; 
R e s u l t s : Text; 
begin 
W r i t e ( ' E n t e r i n i t i a l population s i z e ' ) ; 
Readln(Sprpop); 
Fern := Sprpop; 
Year := 1; 
A s s i g n ( R e s u l t s , ' L P T 1 ' ) ; 
R e w r i t e ( R e s u l t s ) ; 
w h i l e Year < 21 do 
begin 
W r i t e l n ( R e s u l t s , ' Y e a r ' , Y e a r ) ; 
W r i t e l n ( R e s u l t s , ' S p r i n g population ',Sprpop:5:2); 
Y2 := 0; 
X := 1; 
while X < 3 do 
begin {Calculation of the production of young) 
Eggs := Fem*Clutch; 
K l s u r v := Exp(-2.303*K1); 
K2 := (1-Klsurv)*0.231; 
K2surv := 1-K2; 
Chicks := Eggs*Klsurv; 
K3surv := Exp(-2.303*K3); 
Y l := Chicks*K3surv; {Young produced) 
Young := Y1+Y2; 
Y2 := Y l ; 
Y l := 0; 
Femsucc := Fem*Klsurv; 
Femsurv := Fem*K2surv; 
Fem f a i l := Femsurv-Femsucc; {Females re-nesting) 
Fern := F e m f a i l ; 
X := X+l; 
end; 
Autfem := 0.68*Sprpop; 
Autpop := (Young/2)+Autfem; {Autumn population) 
K4surv := Exp(-2.303*K4); 
Pshoot := Autpop*K4surv; 
Lps := Ln(Pshoot)/2.303; 
K5 := -0.625+(0.775*Lps); 
K5surv := Exp(-2.303*K5); 
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Sprpop := Pshoot*K5surv; {New spring population) 
Fem := Sprpop; 
Year := Year+1; 
Writeln(Results,'Autumn population ',Autpop:4 
W r i t e l n ( R e s u l t s , ' ':10); 
end; 
C l o s e ( R e s u l t s ) ; 
end. 
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